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Dr Hanif Hassan Ali Al Qassim 
 
Minister of Health, UAE 
Chairman, Board of Trustees,  
Sheikh Hamdan Bin Rashid Al Maktoum Award for Medical Sciences 
 
It gives me great pleasure to warmly welcome you here to Dubai and the UAE to conduct your 
important scientific deliberations in the field of human genomics.  Your focus on ‘Genomics of 
Human Diversity and Heritable Disorders’ along with the 4th Pan Arab Human Genetics Conference 
is extremely relevant and of great consequence globally.  It is of particular interest to us here in the 
Arab region, for as many of you are acutely aware, the prevalence of genetic disorders is 
disproportionately high in our communities.  Many factors contribute to this situation and we are 
looking forward to working with you in the future to address those factors. 
Genetic disorders inflict suffering for people who grapple with the long term effects they impose; 
chronic illness and disability undermine the lives of many.  They also impose significant burdens 
on families and on our social systems, inflicting tremendous human and economic costs.  We must 
reduce our burdens and find solutions for these conditions.  It is essential that the work of the 
Human Genome Organisation and the Centre for Arab Genomic Studies continue with focus and 
speed.  As we have learned about your organization’s purpose and mission we see some parallels 
with our own vision for the UAE; it is appropriate for you to have chosen Dubai as your meeting 
place.  Like you, we are focused on building a new future that embraces the best that technology 
has to offer and we are embedding that technology in the infrastructure – the DNA - of Dubai.  
What you see as you travel around this city and the UAE are environments in the building stages.  
Our DNA is shaping our skeletons and backbones, organizing our systems and movements.  Our 
culture and heritage are rich with the foundations of science and discovery.  Like you, we embrace 
these ideas to help us create a healthier future for our people.  We welcome you to explore our 
country and to be greeted by our Arab culture of hospitality and respect. 
We congratulate you on your work and your remarkable achievements to advance medical science 
by developing new technologies and techniques in the field of human genome therapy.  We 
applaud your efforts to help those struggling with previously untreatable disease.  Your work is 
essential to our individual and collective futures.  Your work will reshape the health of individuals 
and populations around the globe.  We are honored to have you here with us.  Thank you for your 
commitment and your dedication.  We wish you great success in your deliberations here and in 
your work ahead. 











Prof Edison T Liu 
 
HUGO President 
Executive Director, Genome Institute of Singapore 
 
I wish to welcome all delegates of the HGM 2011 meeting in Dubai.  The focus of this 
conference is on the next generation of genomic technologies and their impact on heritable 
disorders.  The burden of disease from genetic disorders has been significant in many of the 
countries in this region.  However, as we discover genetic causes of subtle phenotypes the 
level of this burden may formally rise.  We have placed HGM 2011 in the Middle East and in 
particular in the Gulf States in recognition of the critical mass of talent, the significant 
advances in infrastructure and capabilties in this region, in addition to the medical need. 
Indeed, in this conference, Ruth Chadwick from HUGO's Ethics and Society Committee will be 
presenting the conclusions of the deliberations held in Geneva 2010 on the impact of next 
generation sequencing in our conceptualization of medicine. In addition, we will be describing 
the next Pan Asian Personal Genome Project.  We have several special symposia and 
workshops that extend our scientific discussions into economic development, ethics, and 
global collaborative networks.  We wish to highlight these advances at the conference and to 
have HGM 2011 as a venue to enhance collaborations between regional and international 
scientists. 
The pace of change in genomic medicine has been breathtaking, and HUGO is also changing, 
reflecting both the nature of genomics sciences, and the interests of our membership.  We are 
more global with greater representation from countries who are new entrants in genomic 
research, and we are more diverse in what we call our intellectual domain.  So we encourage 
all regional scholars in the genomics and genetics field to join HUGO and make your voices 
heard.  HUGO, as an organisation, is advancing.  We have launched a new journal the HUGO 
Journal which is going into its second issue, we have successfully completed several symposia 
including one on the Genomics of Breast Cancer in 2010, and our plans for HGM 2012 in 
Sydney are progressing well.  I wish you all an exciting conference. 









Prof Najib Al Khaja 
 
Secretary General, 
Sheikh Hamdan Bin Rashid Award for Medical Sciences 
President, HGM 2011 
 
 
I am delighted to welcome you to Dubai to attend the Human Genome Meeting 2011, 
organized by the Centre for Arab Genomic Studies, on behalf of the Human Genome 
Organisation. 
The theme for HGM 2011 is ‘Genomics of Human Diversity and Heritable Disorders’; always a 
topical subject, but more so, given the high burden of monogenic disorders in the Arab World.  
The inspiring program will include special talks, symposia, expert sessions, working summits, 
special fora, and exhibitions, which will bring together renowned experts, senior and junior 
investigators and researchers in genomics and related fields to share basic and translational 
research as well as educational and social issues.  In association with the HGM 2011 meeting, 
the Centre for Arab Genomic Studies is also organizing its Fourth Pan Arab Human Genetics 
Conference, bringing together a wide platform of regional and international scientists to 
discuss common issues in human genetics.  I hope that this meeting offers ample opportunities 
for potential collaborations between the delegates.  Other satellite meetings organized in 
conjunction with HGM 2011 and the 4th PAHGC will be aimed at highlighting advancements in 
genomics and genetic applications in the region. 
On behalf of the Local Organizing Committee, the Centre for Arab Genomic Studies and the 
Sheikh Hamdan Award for Medical Sciences, I thank you for your participation in HGM 2011, 
and hope that you have an active, stimulating, and enjoyable conference. 
 
  








Human Genome Organisation 
 
Human Genome Organisation (HUGO) is an international organisation of scientists involved in various aspects of 
human genetics. HUGO was conceived in 1988 at the first meeting on Genome Mapping and Sequencing at Cold 
Spring Harbor, New York. From an initial group of 42 scientists from 17 countries, HUGO has increased its 
membership to over 1,400 members, from over 70 countries in a period of only two decades. Over the years, 
HUGO has played an essential role behind the scenes for the human genome project. With its mission to promote 
international collaborative efforts to study the human genome and the myriad issues raised by our increasing 
knowledge of the genome, HUGO has had noteworthy successes in some of the less glamorous, but nonetheless 
vital, aspects of the human genome project. 
As a truly international organisation, and currently in its 23rd year, HUGO refocused its efforts towards the 
medical implications of genomic knowledge. Looking forward, HUGO is working to enhance the genomic 
capabilities of the emerging and developing countries of the world. The excitement and interest in genomic 
sciences in Asia, the Middle East, South America and Africa are palpable and our hope is that these technologies 
will help to aid national development and worldwide health. 
 
Mission Statement 
> To investigate the nature, structure, function and interaction of the genes, genomic elements and genomes of 
humans and relevant pathogenic and model organisms; 
> to characterise the nature, distribution and evolution of genetic variation in humans and other relevant 
organisms; 
> to study the relationship between genetic variation and the environment in the origins and characteristics of 
human populations and the causes, diagnoses, treatments and prevention of disease; 
> to foster the interaction, coordination, and dissemination of information and technology between investigators 
and the global society in genomics, proteomics, bioinformatics, systems biology, and the clinical sciences by 
promoting quality education, comprehensive communication, and accurate, comprehensive, and accessible 
knowledge resources for genes, genomes and disease; and 
> to sponsor factually-grounded dialogues on the social, legal, and ethical issues related to genetic and genomic 
information and championing the regionally-appropriate, ethical utilisation of this information for the good of the 
individual and the society. 
 
For further information please visit www.hugo-international.org 
  






Sheikh Hamdan Bin Rashid Al Maktoum Award for 
Medical Sciences  
 
Sheikh Hamdan Bin Rashid Al Maktoum Award for Medical Sciences was established in 1999 under the patronage 
of H.H. Sheikh Hamdan Bin Rashid Al Maktoum, Deputy Ruler of Dubai and Minister of Finance & Industry, with 
the objective of honouring scientists from every part of the world who tirelessly pursue distinctive medical 
research that serves the larger interests of humanity. 
The initial focus of the foundation was on two major categories of awards, the International and National 
categories. In the international category, there were three sections, the Grand Hamdan Award, three Research 
Excellence Awards and four awards for volunteers in humanitarian medical services.  In subsequent years, an 
additional category of the Arab World Award was introduced followed by an additional award to the UAE 
category- an award for the Clinical Department in the public sector. Today, the foundation’s emphasis is on 
supporting and encouraging scientific research in the UAE with the provision of research grants. This activity has 
already yielded excellent results with publications in reputable journals. 
The vision of H.H. Sheikh Hamdan Bin Rashid Al Maktoum to alleviate human suffering from genetic diseases in 
the Arab World crystallized in the establishment of the Centre of Arab Genomic Studies to characterize and 
prevent genetic disorders and transfigure the future practice of health care in the region. Today the centre is 
having a fully fledged database called CTGA – CATALOGUE FOR TRANSMISSION GENETICS IN ARABS.  Further to 
the development in this field was the formation of the Arab Council which further extended the activities of this 
centre to the Arab World. It resulted to the completion of UAE, Bahrain, Oman, and Qatar databases, while work 
on Kuwait is in the process, and is expected to be completed within this year. 
Over the years, the awards have created a rich resource of works by leading researchers and doctors from across 
the world and believed that a journal could be sustain that would be treasured by the medical community. Hence, 
the Journal of Medical Sciences was born in 2006, and started publishing as a quarterly publication.  Three 
volume issues of the journal have already been published, while the fourth volume issue is in the stands, available 
in both print and electronic versions. The journal is also in the process of review by PUBMED international and 
the Chemical Abstracts, indexed with Index Medicus for the Eastern Mediterranean Region (IMEMR).  
The foundation is now in the 7th term of awards and besides enriching scientific research, it has an additional 
objective of enhancing the nature of scientific interaction between doctors in this country and the overseas 
medical centres. The subjects of the awards are selected carefully to reflect scientific advances made in the 
subject. The subject for the Grand Hamdan International Award for 2011-2012 is Neonatal Medicine. Hamdan 
Award for Medical Research Excellence is the second award in the International category and there are 3 subjects 
selected and will be award to 3 winners. The subjects are “Fetal Medicine, Nutrition in infants and inborn errors 
of Metabolism.  As per the agenda of the awards, evaluation involves determining the factor will be a research 
breakthrough in the subject selected for the award, having the potential to have a major impact on healthcare 
delivery. The systematic way of assessing or evaluating the excellent work or individual who have been 
nominated for the award on the selected subject have been completed for the last 6 terms were very professional. 
We expect a good number of excellent nominations from various parts of the world for the current term of 2011-
2012.  For more information and the details including rules & regulations and how to apply for this award, please 
visit www.hmaward.org.ae. 








Centre for Arab Genomic Studies 
 
The Arab World is rich in many genetic disorders; a factor contributed to by the wide-spread norm of 
consanguinity in the region, selective and environmental factors favoring the persistence of certain genetic traits, 
and the lack of public awareness towards the early recognition and prevention of inherited disease.  As a result, 
several disease conditions, such as hemoglobin disorders, hypertension, diabetes mellitus, and Down syndrome, 
among others continue to impact the health system by increased rates of neonatal deaths and morbidity and 
mortality in children as well as in adults. 
 
The pioneering vision of H.H. Sheikh Hamdan Bin Rashid Al Maktoum, Deputy Ruler of Dubai and UAE Minister of 
Finance, to alleviate human suffering from genetic diseases in the Arab World crystallized in the establishment of 
the Centre for Arab Genomic Studies (CAGS) on 25 June, 2003.  Since then, the Centre has dedicated itself to the 
mission of improving human health by characterizing and preventing genetic disorders in Arab countries based 
on the recent advances in human genetics.   
The scientific structure of the Centre for Arab Genomic Studies includes two committees:  
1.  The Executive Board of CAGS is composed of a number of local scientists and it represents the governing body 
and the legal trustee of all activities of the centre. 
2.  The Arab Council of CAGS includes regional scientists and it acts as a consultative body and facilitates the 
exchange of information on genetic disorders occurring in Arab countries.  Countries represented in the Council 
of CAGS currently include: Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, 
Sudan, and Tunisia. 
One of the major projects undertaken by CAGS is the Catalogue of Transmission Genetics in Arabs (CTGA) 
database, which is a continuously updated, open-access compendium of bibliographic material and observations 
on human gene variants and inherited, or heritable, genetic diseases in Arabs (www.cags.org.ae).  As the database 
covers country after country in what is the largest scientific effort to define genetic disorders in Arab people, a 
clearer picture of the pattern of genetic disorders and effective strategies to prevent them, is emerging.  
Currently, the database hosts entries for nearly 955 genetic disorders and 373 related genes. 
CAGS regularly comes out with open access publications, aimed at both the scientific community as well as the 
public.  The Centre’s major publication has been its series of books on “Genetic Disorders in the Arab World”.  
This compilation is a consequence of CAGS’ work on cataloguing Arab genetic disorders.  Thus far, three volumes 
of these books have been published.  CAGS also comes out with articles in scientific journals time and again.  At 
the level of the public, CAGS also published two series of pocket guides on inherited blood disorders and cancers 
common in the region.  These guides contain basic information on the disorders, their causes, and their 
management, along with some information on the epidemiology of the disease in the Arab World.  CAGS has also 
come out with a handy User’s Guide on the CTGA Database which simplifies the database for the end-user. 
  







One of the major activities of CAGS is to conduct cutting edge research in the field of genetic disorders seen in the 
Arab World.  One example that clearly demonstrates the efforts undertaken by CAGS towards achieving this 
objective is project related to the identification of a rare skeletal abnormality in an extended consanguineous 
family in the UAE early in 2005.  Scientists at CAGS conducted extensive clinical and molecular analysis for all 
affected and non-affected family members in collaboration with other international groups.  The genetic 
depiction for this disorder is expected to bring fresh insights to our understanding of the human genome and 
pave the way for many similar projects in light of the presence of many non-characterized inherited disorders in 
Arab populations. 
The Pan Arab Human Genetics Conference (PAHGC) is a biennial event organized by CAGS every alternate year.  
This event provides a common platform to bring together regional and international geneticists to share their 
knowledge and to discuss common issues.  Undoubtedly, the organization of this conference series has been a 
huge contribution of CAGS towards the study on human genetics in the region and this conference has become 
one of the most awaited events in the calendar of human genetics.  The first edition of the conference, held in 
2006, was supported by the Human Genome Organisation (HUGO), and attracted more than 500 delegates.  This 
was the first large-scale event on human genetics to be held in the Arab World, and was a tremendous success in 
terms of providing a platform for various leading geneticists to work out strategies and set the priorities for 
research aimed at combating the menace of genetic disorders in the region.  
In the near future, CAGS shall witness an expansion of all its activities according to the requirements of its 
working objectives.  The CTGA Database is expected to continue its growth and will continue to cover other 
countries of the region in its effort to catalogue the entire spectrum of genetic disorders in the Arab World.  
Consequently, additional volumes of the series of books on “Genetic Disorders in the Arab World” shall be made 
available following the completion of data collection in new Arab countries.  Meanwhile, CAGS will expand its 
research activities directed at understanding the molecular basis of genetic disorders in the Arab populations.  
Setting up the required infrastructure to launch the Arab Human Variome Project could also be an interesting 
initiative to explore.  The Pan Arab Human Genetics Conference will continue to be organized regularly as a 
platform to discuss contemporary issues in genetic research pertaining to the priorities of the region.  Hosting the 
Annual Human Genome Meeting (HGM) of the HUGO in Dubai is another feather in the cap for CAGS, and is 
expected to provide a significant boost to genetic research in the region. 
The support of H.H. Sheikh Hamdan Bin Rashid Al Maktoum has been instrumental in achieving most of the 
Centre’s objectives.  This support has been further reinforced with the establishment of a CAGS genetics award to 
honor individuals and institutions working in the field with an aim to encourage genetic research in the Arab 
World.  Surely, this task will bring CAGS closer to its mission to build sustainable research activities based upon 
education and improvement of human health in the Arab World.  
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SRRORURQWKHSULYDWHEHDFKHVVZLPZHDULVTXLWHDFFHSWDEOHEXWZKHQLQWKHFLW\DQGSXEOLFDUHDVFDUHVKRXOGEHWDNHQ
QRWWRJLYHRIIHQFHE\ZHDULQJFORWKLQJWKDWPD\EHFRQVLGHUHGUHYHDOLQJ










Media 7KHUH DUH WKUHH (QJOLVK ODQJXDJH QHZVSDSHUV SXEOLVKHG LQ 'XEDL ,QWHUQDWLRQDO QHZVSDSHUV PDJD]LQHV DQG
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Venue: Maktoum B & C 

SP±SP 6SHFLDO/HFWXUH&KDLU7RGG7D\ORU
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>1RDEVWUDFWLVDYDLODEOH@ 'U 6\GQH\%UHQQHU LV D 6HQLRU)HOORZDW WKH -DQHOLD)DUP
5HVHDUFK &DPSXV RI WKH+RZDUG+XJKHV0HGLFDO ,QVWLWXWH
++0, +H LV DOVR D 6HQLRU )HOORZ RI $67$5 DQG
6FLHQWLILF$GYLVRUWRWKH&KDLUPDQRI$67$5'U%UHQQHU
MRLQHG WKH0HGLFDO 5HVHDUFK &RXQFLO 05& LQ  DV D
PHPEHU RI WKH VFLHQWLILF VWDII LQ WKH SUHGHFHVVRU RI WKH
/DERUDWRU\ RI 0ROHFXODU %LRORJ\ DQG VHUYHG DV 'LUHFWRU
IURP  WR  +H ZDV 'LUHFWRU RI WKH 0ROHFXODU
*HQHWLFV 8QLW IURP  WR  'U %UHQQHU KDV EHHQ D
6FLHQWLILF $GYLVRU WR PDMRU ELRWHFK YHQWXUH IXQGV D
FRQVXOWDQW WRPXOWLQDWLRQDOFRPSDQLHVDQGZDVDIRXQGHURI
VHYHUDO VWDUWXS FRPSDQLHV +LV HDUO\ UHVHDUFK ZDV LQ
PROHFXODU JHQHWLFV ZRUNLQJ ZLWK EDFWHULRSKDJHV DQG
EDFWHULD +H LV EHVW NQRZQ IRU KLV ZRUN LQ WKH 
V KH
GLVFRYHUHGPHVVHQJHU51$ZLWK-DFREDQG0HVHOVRQDQG
ZLWK)UDQFLV&ULFN VKRZHG WKDW WKH FRGHZDV FRPSRVHGRI
WULSOHWV7KDWGLVFRYHU\ZRQKLPWKH$OEHUW/DVNHU$ZDUGLQ
 IRU EDVLF PHGLFDO UHVHDUFK +H LQWURGXFHG WKH
QHPDWRGH &DHQRUKDEGLWLV HOHJDQV DV DPRGHO RUJDQLVP IRU
WKHVWXG\RIGHYHORSPHQWDQGWKHVWUXFWXUHDQGIXQFWLRQRID




DVVRFLDWHGZLWK6LQJDSRUHµV ,QVWLWXWH RI0ROHFXODU DQG&HOO
%LRORJ\ ,0&% VLQFH LWV YHU\ EHJLQQLQJ DQG KDV VHHQ LW
JURZ LQWR WKH ZRUOGFODVV LQVWLWXWLRQ WKDW LW KDV EHFRPH
WRGD\ )RU KLV FRQWULEXWLRQV WR WKH GHYHORSPHQW RI OLIH
VFLHQFHV LQ 6LQJDSRUH 'U %UHQQHU KDV UHFHLYHG WKH
'LVWLQJXLVKHG)ULHQGVRI6LQJDSRUHDZDUG'U%UHQQHU
UHFHLYHGKLVQG/DVNHU$ZDUG IRU6SHFLDO$FKLHYHPHQW LQ
0HGLFDO 6FLHQFH WR KRQRU KLP IRU  \HDUV RI EULOOLDQW
FUHDWLYLW\ LQ ELRPHGLFDO VFLHQFH ± H[HPSOLILHG E\ KLV
OHJHQGDU\ZRUNRQ WKHJHQHWLFFRGHKLVGDULQJ LQWURGXFWLRQ
RI WKH URXQGZRUP &DHQRUKDEGLWLV HOHJDQV DV D V\VWHP IRU
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5HFHQW VHTXHQFLQJ UHYROXWLRQ KDV EURXJKW DIIRUGDEOH SHUVRQDO
JHQRPHV LQWR SUDFWLFH LQ WHUPV RI FRVW DQG WKURXJKSXW EXW LW
UHPDLQVYHU\GLIILFXOWWRLQWHUSUHWDJHQRPHWRPDNHVHQVHIRUWKH
RZQHU 6FLHQWLVWV DUH VWLOO VWUXJJOLQJ LQ ELRPHGLFDO JHQRPLFV
VWXGLHV WR JHW WKH PHDQLQJ RI HYHU\ QXFOHRWLGH LQ WKH VHTXHQFH
ZKLOH PLVVLQJ KHULWDELOLW\ LQ FRPSOH[ GLVHDVHV FRQIXVHG
UHVHDUFKHUV DQG SUHYHQWHG GLVHDVH PRGHOLQJ SUHYHQWLRQ DQG




*:$6 DUUD\V 6HFRQG ZH LGHQWLILHG H[WHQVLYH VWUXFWXUDO
YDULDWLRQV DVZHOO DV LQGLYLGXDOVSHFLILF VHTXHQFHV DPRQJKXPDQ




SULYDWH JHQRPHV FRXOG ZH ILQG WKH NH\ WR KXPDQ JHQRPLFV IRU
PHGLFDOJHQRPLFVDQGKHDOWKFDUH
-XQ:DQJLVWKH([HFXWLYH'LUHFWRURIWKH%*,SUHYLRXVO\
NQRZQ DV WKH %HLMLQJ *HQRPLFV ,QVWLWXWH +H ZDV
LQVWUXPHQWDO LQ WKH  IRXQGLQJ DQG WKH JURZWK RI WKH
%*, %LRLQIRUPDWLFV 'HSDUWPHQW ZKLFK LV QRZ ZLGHO\
UHFRJQL]HG DV RQH RI ZRUOGµV SUHPLHU UHVHDUFK IDFLOLWLHV
FRPPLWWHG WR H[FHOOHQFH LQ JHQRPH VFLHQFHV 'U :DQJ
DOVR KROGV D SRVLWLRQ DV DQ 2OH 5¡PHU SURIHVVRU DW WKH
8QLYHUVLW\ RI &RSHQKDJHQ +H KDV DXWKRUHG  SHHU
UHYLHZHG RULJLQDO SDSHUV ± RI ZKLFK  DUH SXEOLVKHG LQ
1DWXUH LQFOXGLQJ 1DWXUH VHULHV DQG 6FLHQFH $PRQJ
WKRVH:-LVWKHILUVWDXWKRURUFRUUHVSRQGLQJDXWKRUIRU
 RI WKHP+HKDV EHHQ UHFRJQL]HGZLWK DQ DZDUG IURP
+LV 5R\DO +LJKQHVV 3ULQFH )RXQGDWLRQ LQ 'HQPDUN DQ
2XWVWDQGLQJ 6FLHQFH DQG 7HFKQRORJ\ $FKLHYHPHQW IURP
WKH &KLQHVH $FDGHP\ RI 6FLHQFHV 7RS  6FLHQWLILF
$FKLHYHPHQWV LQ &KLQD DQG WKH SUL]H IRU ,PSRUWDQW
,QQRYDWLRQDQG&RQWULEXWLRQIURPWKH&KLQHVH$FDGHP\RI
6FLHQFHV +LV UHVHDUFK IRFXVHV RQ JHQRPLFV DQG UHODWHG
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2QH RI WKH PRVW SURILWDEOH DSSURDFKHV WR XQGHUVWDQGLQJ KRZ
FRPSOH[ ELRORJLFDO V\VWHPV IXQFWLRQ LV WR H[SORUH ZKDW KDSSHQV
ZKHQ WKH\ PDOIXQFWLRQ  0DQ\ QHZ PHWKRGV DUH EHFRPLQJ
DYDLODEOH IRU XQFRYHULQJ GLVHDVH FDXVLQJ JHQHV VLPSOHU 613
DUUD\V FDQ EH XVHG IRU JHQRPHZLGH DVVRFLDWLRQ VWXGLHV
DXWR]\JRVLW\ PDSSLQJ DV ZHOO DV IRU LGHQWLI\LQJ FRS\ QXPEHU
YDULDQWV DUH UHYHDOHG E\ &*+ DUUD\V ZKLOH H[RPH VHTXHQFLQJ
VRRQ WR EH IROORZHG E\ ZKROH JHQRPH VHTXHQFLQJ XQFRYHUV
SRVVLEOH GLVHDVH PXWDWLRQV  &RPELQLQJ WKLV PXFK LPSURYHG
FDSDFLW\ IRU GLVHDVH JHQH LGHQWLILFDWLRQ ZLWK FDUHIXO SKHQRW\SH
DQDO\VLV LQ SDWLHQWV DQG ZLWK WKH XVH RI D VSHFWUXP RI PRGHO
V\VWHPV FDQ SURYLGH XQSDUDOOHOHG LQVLJKW LQWR ELRORJLFDO
PHFKDQLVPV :H FDQ EXLOG XS D SLFWXUH QRW RQO\ RI LQGLYLGXDO
JHQHIXQFWLRQEXWDOVRRIJHQHLQWHUDFWLRQVDQGV\VWHPG\QDPLFV
&RQVWUXFWLRQ RI*HQH5HJXODWRU\1HWZRUNV LV SRVVLEOH IROORZLQJ
H[SHULPHQWDOSUHGLFWLRQXVLQJFKURPDWLQLPPXQRSUHFLSLWDWLRQDQG





PDSSLQJ VWXGLHV XVLQJ VRPDWLF FHOO K\EULGV ZLWK:DOWHU
%RGPHU 2[IRUG %HLW 0HPRULDO )HOORZ 05&
0DPPDOLDQ *HQRPH 8QLW (GLQEXUJK HYHQWXDOO\ URVH
WKURXJK WKH UDQNV DW 05& +XPDQ *HQHWLFV 8QLW
(GLQEXUJK IURP SRVWGRFWRUDO IHOORZ WR JURXS OHDGHU DQG
XQWLOUHFHQWO\6HFWLRQ+HDG+RQRUDU\3URIHVVRU8QLYHUVLW\
RI (GLQEXUJK &%( )56 )56( )0HG6FL +RZDUG




H\H DQRPDOLHV VXFK DV DQLULGLD DQG
DQRSKWKDOPLDPLFURSKWKDOPLD ,QWHUHVWHG LQ ZKDW GHWDLOHG
DQDO\VLV RI WKH KXPDQ SKHQRW\SHV LQ LQGLYLGXDOV ZLWK
NQRZQPXWDWLRQVFDQWHOOXVDERXWWKHELRORJLFDOUROHRIWKH
JHQHV LQYROYHG 8OWLPDWHO\ PRVW KXPDQ GHYHORSPHQWDO
JHQHV QHHG WR EH H[SORUHG LQPRGHO V\VWHPV DQG ZH DUH
FXUUHQWO\ VWXG\LQJ WKH UROHV RI 3$; DQG 62; LQ
KXPDQVPLFH DQG ]HEUDILVK$PDMRU DUHD RI HQGHDYRXU
VLQFHWKHHDUO\V LV WRXQGHUVWDQGWKHPHFKDQLVPVRI
ORQJUDQJH UHJXODWLRQ RI JHQH H[SUHVVLRQ 7UDQVFULSWLRQ
IDFWRUV OLNH 3$; DQG 62; VKRZ FRPSOH[
VSDWLRWHPSRUDO DQG TXDQWLWDWLYH FRQWURO RI H[SUHVVLRQ






UHSRUWHU WUDQVJHQLF DVVD\V DGGLWLYHO\ UHFDSLWXODWLQJ WKH
VXP RI WKH WRWDO JHQH H[SUHVVLRQ SDWWHUQ ([SUHVVLRQ
DVVRFLDWHG SDWWHUQV RI RSHQ FKURPDWLQ VXJJHVW G\QDPLF
JHQRPLFRUJDQLVDWLRQ$QRWKHUHPHUJLQJ LQWHUHVW LV LQ WKH
PHFKDQLVPV XQGHUO\LQJ GLVHDVH ZLWK QRQ0HQGHOLDQ
VHJUHJDWLRQ SDWWHUQV :H DUH H[SORULQJ KRZ RWKHU JHQHV
DQGHQYLURQPHQWDOIDFWRUVDIIHFWSKHQRW\SHPRGLILFDWLRQ
 
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&/,1,&$/ &217(;7 2) &23< 180%(5 $1' 6758&785$/ 9$5,$7,21 ,1 7+( +80$1
*(120(

'XULQJ WKH SDVW five\HDUV FRS\ QXPEHU YDULDWLRQ &19 DQG
VWUXFWXUDOYDULDWLRQ 69KDYHHPHUJHGDVKLJKO\SUHYDOHQW IRUPV
RI JHQRPLF YDULDWLRQ EULGJLQJ WKH LQWHUYDO EHWZHHQ ORQJ
UHFRJQLVHG PLFURVFRSLF FKURPRVRPDO DOWHUDWLRQV DQG VLQJOH
QXFOHRWLGH FKDQJHV 7KHVH JHQRPLF GLIIHUHQFHV DPRQJ KXPDQV
UHflect WKH G\QDPLF QDWXUH RI JHQRPHV DQG DFFRXQW IRU ERWK
QDWXUDO YDULDWLRQV DPRQJ XV DQG YDULDWLRQV WKDW SUHGLVSRVH WR
FRQGLWLRQVRIPHGLFDOFRQVHTXHQFH,ZLOOGLVFXVV&1969LQWKHLU
KLVWRULFDODQGPHGLFDOFRQWH[WV IRFXVLQJRQKRZ WKHVHYDULDWLRQV
FDQ EH UHFRJQL]HG GRFXPHQWHG FKDUDFWHUL]HG DQG LQWHUSUHWHG ,
ZLOO DOVR GLVFXVV KRZ WKH\ FDQ FDXVH GLVHDVH RU influence 
DGDSWDWLRQWRDQHQYLURQPHQW2XUUHFHQWZRUNRQDXWLVPVSHFWUXP
DQG UHODWHG QHXURSV\FKLDWULF GLVRUGHUV ZLOO DOVR EH GHVFULEHG WR
LOOXVWUDWH VDOLHQW FKDUDFWHULVWLFV DQG UHVLGXDO HQLJPDV RI WKLV
FRPSOH[IRUPRIJHQHWLFYDULDWLRQ
'U 6WHSKHQ 6FKHUHU 3K' KROGV WKH *OD[R6PLWK.OLQH
&,+5 (QGRZHG &KDLU LQ *HQHWLFV DQG *HQRPLFV DW 7KH
+RVSLWDO IRU6LFN&KLOGUHQDQG8QLYHUVLW\RI7RURQWR+H
KDV PDGH QXPHURXV FRQWULEXWLRQV WR PHGLFDO JHQHWLFV
LQFOXGLQJPDSSLQJVHTXHQFLQJDQGGLVHDVHJHQHVWXGLHVRI
KXPDQ FKURPRVRPH +H FROODERUDWHGZLWK WKH - &UDLJ
9HQWHU ,QVWLWXWH WR JHQHUDWH WKH ILUVW JHQRPH VHTXHQFH RI
DQ LQGLYLGXDO XVKHULQJ LQ DQ HUD RI JHQRPLFPHGLFLQH ,Q
 KLV WHDP FRGLVFRYHUHG JOREDO JHQH FRS\ QXPEHU
YDULDWLRQ&19DQGKDVVLQFHVKRZQWKDW&19LVWKHPRVW
DEXQGDQWW\SHRIQXFOHRWLGHYDULDWLRQRIKXPDQ'1$+LV
JURXS KDV DOVR GLVFRYHUHG &19 WR FRQWULEXWH WR WKH
HWLRORJ\RIDXWLVPDQG WKH'DWDEDVHRI*HQRPLF9DULDQWV
KHIRXQGHGIDFLOLWDWHVWHQVRIWKRXVDQGVRIGLDJQRVHVHDFK
\HDU+LVZRUN LV GRFXPHQWHG LQ ! SXEOLFDWLRQV FLWHG
VRPHWLPHV'U6FKHUHUKDVZRQQXPHURXVKRQRUV
VXFKDVWKH6WHDFLH3UL]HDQ,QWHUQDWLRQDO+RZDUG+XJKHV
0HGLFDO ,QVWLWXWH 6FKRODUVKLS DQG WKH 3UHPLHU 6XPPLW
$ZDUG IRU 0HGLFDO 5HVHDUFK +H LV RQ WKH %RDUG RI
7UXVWHHV RI *HQRPH &DQDGD DQG WKH +XPDQ *HQRPH
2UJDQLVDWLRQ
 
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$UDEV DUH D SDQHWKQLFLW\ RI SHRSOHV RI YDULRXV DQFHVWUDO
RULJLQV UHOLJLRXVEDFNJURXQGV DQGKLVWRULF LGHQWLWLHV 7KH\
RULJLQDWHIURPWKHUHJLRQLQFOXGLQJ0HVRSRWDPLDWKH/HYDQW
WKH$UDELDQ3HQLQVXODDQG1RUWK$IULFD7KH$UDE:RUOGLV
WKH ODUJHVW JHRFXOWXUDO XQLW LQ WKH ZRUOG DIWHU 5XVVLD DQG
$QJOR$PHULFDZLWKDSRSXODWLRQH[FHHGLQJPLOOLRQDQG
VSDQQLQJPRUHWKDQPLOOLRQVTXDUHNLORPHWHUV$FFRUGLQJ
WR WKH 5HFHQW 2XWRI$IULFD PRGHO GHVFULELQJ WKH RULJLQ RI
PRGHUQ KXPDQV WKH UHJLRQ KDV UHSHDWHGO\ VHUYHG DV D
PLJUDWRU\ SDVVDJHZD\ EHWZHHQ $IULFD DQG (XUDVLD DQG KDV
DFWHG DV DQ LQFXEDWRU IRU WKH HDUO\ GLYHUVLILFDWLRQ RI QRQ
$IULFDQ OLQHDJHV  7KLV GLYHUVLW\ UHIOHFWV WRGD\ ZLWK WKH
SUHVHQFH RI  JHQHWLF GLVHDVH HQWLWLHV DPRQJ $UDEV
DFFRUGLQJWRWKH&7*$'DWDEDVH7KLVGLYHUVLW\DOVRHFKRHV
DWWKHFOLQLFDOOHYHODVREVHUYHGLQWKHODUJHQXPEHURIGLVHDVH
JURXSV DIIHFWHG V\VWHPV LQFLGHQFH UDWHV JHRJUDSKLFDO
GLVWULEXWLRQVFOLQLFDOVXEW\SHVDQGGLVHDVHSKHQRW\SHV7KLV
ODWWHU FKDUDFWHULVWLF LV IXUWKHU DPSOLILHG E\ WKH SUHVHQFH RI
FRPRUELGLW\LQSDWLHQWVIURPWKHUHJLRQZLWKFRPELQDWLRQVRI
PDMRU GLVRUGHUV LQFOXGLQJ KHPRJORELQRSDWKLHV F\VWLF
ILEURVLV 'RZQ V\QGURPH *3' GHILFLHQF\ DQG PDQ\
RWKHUV2QWKHRWKHUKDQGQHDUO\WZRWKLUGRIJHQHWLF
GLVRUGHUV LQ $UDEV IROORZ DQ DXWRVRPDO UHFHVVLYH PRGH RI
LQKHULWDQFH DQG WKLV LV KLJKO\ DWWULEXWHG WR WKH ZLGHVSUHDG
SUDFWLFH RI FRQVDQJXLQHRXV PDUULDJHV LQ WKH UHJLRQ
&HUWDLQO\ WKH DYDLODELOLW\ RI PDQ\ FRQVDQJXLQHRXV DQG
H[WHQGHGIDPLOLHVLQWKHUHJLRQKDVIXHOHGWKHSURFHVVRIJHQH
LGHQWLILFDWLRQ IRUYDULRXV LQKHULWHGGLVRUGHUV WKXVSURYLGLQJ
LQYDOXDEOHUHVRXUFHVIRUJHQHDQQRWDWLRQDQGKXPDQJHQRPH
YDULDWLRQ  5HFHQWO\ WKH &HQWUH IRU $UDE *HQRPLF 6WXGLHV
LQLWLDWHG D ORQJWHUP $UDE +XPDQ 9DULRPH 3URMHFW WR





LQ  GLIIHUHQW ORFL  )URP D GLVHDVH SHUVSHFWLYH WZRPDLQ
H[DPSOHV PD\ EH QRWHG   7KH &\VWLF )LEURVLV
7UDQVPHPEUDQH &RQGXFWDQFH 5HJXODWRU &)75 JHQH
GHPRQVWUDWHV D KHWHURJHQHRXV SURILOH LQ D VPDOO UHJLRQ
LQFOXGLQJ WKH QHLJKERULQJ FRXQWULHV RI %DKUDLQ 4DWDU WKH
8QLWHG $UDE (PLUDWHV DQG 2PDQ  ,Q EULHI WKH GHO*
FGHO* PXWDWLRQV LV WKH PRVW FRPPRQ LQ %DKUDLQ
ZKLOH F$!*S,9 LV WKHPRVW FRPPRQ LQ4DWDU
DQG WKH F7!* S65 PXWDWLRQ LV FRPPRQO\
REVHUYHG LQ 2PDQ DQG WKH 8$(   EHWD7KDODVVHPLD
H[KLELWVDQRWKHUH[WUHPHH[DPSOHRIGLYHUVLW\ZLWKDWOHDVW
EHWDJORELQ PXWDWLRQV OHDGLQJ WR WKH GLVHDVH LQ $UDE
SRSXODWLRQV$WSUHVHQWRIUHSRUWHGJHQHWLFGLVRUGHUVLQ
$UDEV UHPDLQ FRQILQHG WR FOLQLFDO REVHUYDWLRQV  (IIRUWV WR
GHFLSKHU WKHLUPROHFXODU SDWKRORJLHVZLOO GHILQLWHO\ UHVXOW LQ
KLJK YDOXH NQRZOHGJH EDVH  7KH RUJDQL]DWLRQ RI VXFK
LQIRUPDWLRQ ZLOO KDYH GLUHFW LPSOLFDWLRQV RQ JHQHWLF
FRXQVHOLQJ SUHQDWDO GLDJQRVLV JHQRW\SHWRSKHQRW\SH






$UDE *HQRPLF 6WXGLHV D GLYLVLRQ RI WKH 6KHLNK +DPGDQ
$ZDUG IRU 0HGLFDO 6FLHQFHV 'XEDL 8$(  6LQFH 0DUFK
KHLVPHPEHURIWKH8$(0LQLVWU\RI+HDOWKµV+LJKHU
&RPPLWWHH IRU+HDOWK 5HVHDUFK  ,Q  +H ODXQFKHG WKH
&7*$'DWDEDVH IRUJHQHWLFGLVRUGHUV LQ$UDESHRSOHDQG LV
KHDGLQJ LWV GHYHORSPHQW WHDP 'U7DGPRXUL LVPHPEHU RI
WKH FRQVXOWDQF\ JURXS VXSSRUWLQJ WKH 81'3/HEDQRQ
ʊ7UDQVIHU RI .QRZOHGJH 7KURXJK ([SDWULDWH 1DWLRQDls” 
72.7(13URMHFW +H LV DOVRDPHPEHURIPDQ\ UHJLRQDO
UHVHDUFK JUDQW UHYLHZ ERDUGV MRXUQDO HGLWRULDO DQG SHHU
UHYLHZ ERDUGV DQG LQWHUQDWLRQDO RUJDQL]DWLRQV ,Q  KH
UHFHLYHGKLV3K'GHJUHHLQ0ROHFXODU%LRORJ\DQG*HQHWLFV
IURP%RJD]LoL8QLYHUVLW\ 7XUNH\  ,Q\HDUVKH
ZDV$VVLVWDQW3URIHVVRURI0ROHFXODU%LRORJ\DQG*HQHWLFVDW
)DWLK 8QLYHUVLW\ 7XUNH\  ,Q \HDUV  DQG  KH
FRQGXFWHGJUDGXDWH DQGSURIHVVLRQDO FRXUVHV DQGZRUNVKRSV
RQ %LRLQIRUPDWLFV DW WKH$UDELDQ*XOI 8QLYHUVLW\ %DKUDLQ
DQGWKH:RUOG+HDOWK2UJDQL]DWLRQ(J\SW'U7DGPRXULLV
DXWKRU RI PRUH WKDQ  ERRNV DQG LQWHUQDWLRQDO VFLHQWLILF
DUWLFOHV  +H SUHVHQWHG VFLHQWLILF SDSHUV LQ PRUH WKDQ 
LQWHUQDWLRQDO FRQIHUHQFHV DQG ZRUNVKRSV  'HVSLWH WKLV 'U
7DGPRXULEHOLHYHVWKDWVFLHQWLILFNQRZOHGJHLVRQO\HIIHFWLYH
ZKHQWUDQVODWHGLQWRSXEOLFSUDFWLFH
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JLYHQ ORFDWLRQ DQG WKH SKHQRW\SH RI LQWHUHVW )ROORZLQJ WKH
LQLWLDO VXFFHVV RI WKH JHQRPHZLGH DVVRFLDWLRQ HIIRUW LQ
ILQGLQJ ODUJH QXPEHUV RI VXVFHSWLELOLW\ ORFL IRU W\SH 
GLDEHWHVIXUWKHUVXFFHVVLVJRLQJWREHLQFUHDVLQJO\GHSHQGHQW
RQLPSURYHPHQWVLQHIIRUWVWRH[WHQGWKHVHVWXGLHVWRDZLGHU
UDQJHRIYDULDQWV H[DPLQHG LQ DZLGHU UDQJHRISRSXODWLRQV
)RUW\SHGLDEHWHV7'WKH',$EHWHV*HQHWLFV5HSOLFDWLRQ
$QG 0HWDDQDO\VLV ',$*5$0 FRQVRUWLXP KDV
FRQFHQWUDWHG FXUUHQW HIIRUWV RQ 7' VLJQDOV LQ (XURSHDQ
GHVFHQW SRSXODWLRQV 7KH 0HWD$QDO\VLV RI *OXFRVH DQG
,QVXOLQUHODWHG WUDLWV 0$*,& FRQVRUWLXP KDV IRFXVHG RQ
YDULDQWV LQIOXHQFLQJ FRQWLQXRXV JO\FHPLF WUDLWV LQ QRQ
GLDEHWLFLQGLYLGXDOV7KHHIIRUWVRIWKHVHDQGRWKHUFRQVRUWLD
KDYHFRQWULEXWHGWRDQH[SDQVLRQLQWKHQXPEHURIFRQILUPHG
7' FRPPRQ YDULDQW VLJQDOV WR  ZLWK DQRWKHU  RU VR
LQIOXHQFLQJFRQWLQXRXVJO\FHPLFWUDLWV$WWKHVDPHWLPHWKH
UHVXOWV IURPVLPLODU VWXGLHVFRQGXFWHG LQQRQ(XURSHDQGDWD
VHWVDUHHPHUJLQJ7KHVHVWXGLHVDUHUHYHDOLQJDGGLWLRQDOORFL
LQIOXHQFLQJ 7' ULVN DV ZHOO DV FRQILUPLQJ PDQ\ RI WKH
DVVRFLDWLRQV SUHYLRXVO\ UHSRUWHG LQ (XURSHDQ VDPSOHV
,QGHHGWKHUHLVDJUHDWGHDORIRYHUODSLQWKHFRPPRQYDULDQW
*:$6 VLJQDOV IRU 7' VHHQ LQ VDPSOHV FROOHFWHG IURP
GLIIHUHQW PDMRU HWKQLF JURXSV 7KLV ILQGLQJ DUJXHV VWURQJO\
WKDWWKHDVVRFLDWLRQVLJQDOVGHWHFWHGE\*:$6ZKLFKKDYHWR
GDWH EHHQ IRFXVHG DURXQG FRPPRQ YDULDQWV DUH WKHPVHOYHV
GULYHQE\FRPPRQFDXVDOYDULDQWVWKDWDUHZLGHO\GLVWULEXWHG
DFURVV WKH JOREH PRVW OLNHO\ VLQFH WKH\ DURVH EHIRUH WKH
VSUHDG RXW RI $IULFD ,I VR WUDQVHWKQLF ILQHPDSSLQJ
DSSURDFKHV VKRXOG PDNH LW SRVVLEOH WR QDUURZ GRZQ WKH
ORFDWLRQ RI WKH FDXVDO YDULDQWV DQG WKHUHE\ HQKDQFH RXU
DELOLW\WRFRQQHFWWKHVHDVVRFLDWLRQVLJQDOVZLWKWKHPROHFXODU
HYHQWV WKURXJK ZKLFK WKH\ LQIOXHQFH GLDEHWHV ULVN , ZLOO
UHSRUWRQVRPHRIRXUHIIRUWVLQWKLVUHVSHFW7KHRWKHUZD\LQ
ZKLFK WKH WHUP ʊJOREDl” LV UHOHYDQW KHUH UHODWHV WR WKH
JHQRPH2QHRIWKHPDLQFKDOOHQJHVLQWKHILHOGULJKWQRZLV
WR PRYH WRZDUGV D PRUH FRPSOHWH HQXPHUDWLRQ RI DOOHOHV
FRQWULEXWLQJ WR JHQHWLF ULVN RI 7' WKURXJK H[WHQGLQJ WKH
VSHFWUXP RI YDULDQWV HYDOXDWHG /DUJH QH[WJHQHUDWLRQ
VHTXHQFLQJ VWXGLHV QRZ XQGHUZD\ VKRXOG SURYLGH WKH ILUVW
FOXHV WR WKH UROHV RI ORZ IUHTXHQF\ DQG UDUH YDULDQWV WR
GLDEHWHV VXVFHSWLELOLW\ DQG DJDLQ , ZLOO GHVFULEH VRPH RI
WKHVHVWXGLHV7KHH[SHFWDWLRQLVWKDWWKHVHHIIRUWVZLOODOORZ
XV WR DGGUHVV WZR IXUWKHU FKDOOHQJHV ZKLFK IROORZ IURP
JHQHWLF GLVFRYHULHV )LUVW ZH QHHG WR PRYH IURP WKHVH
DVVRFLDWLRQ VLJQDOV WR XQGHUVWDQGLQJ RI ELRORJLFDO
PHFKDQLVPV WKURXJK LGHQWLILFDWLRQ RI WKH FDXVDO YDULDQWV
GULYLQJ WKHVH HIIHFWV DQG WKH JHQHV DQG SDWKZD\V WKURXJK
ZKLFK WKH\RSHUDWH DQGVHFRQGZHKDYHDGXW\ WR WUDQVODWH





0DUN 0F&DUWK\ LV 5REHUW 7XUQHU 3URIHVVRU RI 'LDEHWHV DW
2[IRUG8QLYHUVLW\EDVHGDW WKH2[IRUG&HQWUH IRU'LDEHWHV
(QGRFULQRORJ\ DQG 0HWDEROLVP 2&'(0 DQG DW WKH
:HOOFRPH7UXVW&HQWUHIRU+XPDQ*HQHWLFV+LVZRUNRQWKH
JHQHWLFVDQGJHQRPLFEDVLVRIW\SHGLDEHWHVVHHNVWRGHILQH
WKH UHODWLRQVKLS EHWZHHQ JHQHWLF YDULDWLRQ HQYLURQPHQW
LQWHUPHGLDWH SKHQRW\SHV DQG FOLQLFDO GLVHDVH LQ WKH EHOLHI
WKDW VXFK LQIRUPDWLRQZLOO WUDQVODWH LQWRD VLJQLILFDQW LPSDFW
RQ FOLQLFDO FDUH IRU SHRSOH ZLWK GLDEHWHV WKURXJK PRUH
UDWLRQDO DQG HIIHFWLYH GHSOR\PHQW RI DYDLODEOH SUHYHQWDWLYH
DQGWKHUDSHXWLFPRGDOLWLHV+HREWDLQHGKLVPHGLFDOGHJUHHDW
WKH 8QLYHUVLW\ RI &DPEULGJH DQG SRVWJUDGXDWH FOLQLFDO
WUDLQLQJ LQ JHQHUDO PHGLFLQH GLDEHWHV DQG HQGRFULQRORJ\ DW
WKH /RQGRQ +RVSLWDO )ROORZLQJ UHVHDUFK WUDLQLQJ ZLWK ±





WKH OHDGLQJ LQWHUQDWLRQDO WHDPV ZRUNLQJ RQ WKH JHQHWLFV RI
7' ZLWK H[SHUWLVH H[WHQGLQJ IURP SK\VLRORJLFDO
FKDUDFWHULVDWLRQWKURXJKWRKLJKWKURXJKSXWJHQRPLFDQDO\VLV
DQG UHODWHG LVVXHV LQ FRPSXWDWLRQDO ELRORJ\ 3URI0F&DUWK\
FXUUHQWO\ OHDGV WKH 7' FRPSRQHQW RI WKH:HOOFRPH 7UXVW
&DVH&RQWURO&RQVRUWLXP DQG KDV EHHQ LQWLPDWHO\ LQYROYHG
LQPDQ\RIWKHUHFHQWGLVFRYHULHVJHQHUDWHGE\WKHDSSOLFDWLRQ
RI JHQRPHZLGH DVVRFLDWLRQ DSSURDFKHV WR GLDEHWHV REHVLW\
DQGUHODWHGWUDLWV+LVJURXSLVLQFUHDVLQJO\LQYROYHGLQHIIRUWV
WR XQGHUVWDQG KRZ VXFK LQIRUPDWLRQ FDQ EH WUDQVODWHG LQWR
DGYDQFHV LQ FOLQLFDO PDQDJHPHQW DQG LQ H[WHQGLQJ WKHVH
VWXGLHV EH\RQG WKH (XURSHDQ FRQWH[W +H KDV D VWURQJ
FRPPLWPHQWWRWKHZLGHUUHVHDUFKFRPPXQLW\KDYLQJVHUYHG
DV D PHPEHU DQG FKDLU RI WKH 'LDEHWHV 8. 5HVHDUFK
&RPPLWWHHDQGRQ:HOOFRPHDQG05&SDQHOV+HVHUYHVRQ
WKH (GLWRULDO %RDUG RI 'LDEHWHV 'LDEHWRORJLD 3/R6
0HGLFLQH +XPDQ 0ROHFXODU *HQHWLFV DQG VHYHUDO RWKHU
MRXUQDOV
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,W DSSHDUV WKDW WKH JHQHWLF EDVLV RI WKH SURJUDPPLQJ RI KXPDQ
GHYHORSPHQW DQG FRJQLWLYH FDSDFLW\ KDV EHHQ PLVXQGHUVWRRG IRU
WKH SDVW  \HDUV EHFDXVH RI WKH DVVXPSWLRQ WKDW PRVW JHQHWLF
LQIRUPDWLRQ LV WUDQVDFWHG E\ SURWHLQV &RQWUDU\ WR WKH GHULYHG
DVVXPSWLRQ WKDW PRVW RI WKH KXPDQ JHQRPH LV FRPSULVHG RI
HYROXWLRQDU\ GHEULV LQWURQV LQWHJHQLF ĴGHVHUWVµ UHWURWUDQVSRVRQ
GHULYHG VHTXHQFHV LW LV QRZ HYLGHQW WKDW HVVHQWLDOO\ WKH HQWLUH
JHQRPHLVG\QDPLFDOO\WUDQVFULEHGWRSURGXFHHQRUPRXVQXPEHUV
RIUHJXODWRU\51$VWKDWFRQWUROJHQHH[SUHVVLRQDWYDULRXVOHYHOV
LQFOXGLQJ WKH VLWHVSHFLILFLW\ RI WKH FKURPDWLQPRGLI\LQJ
FRPSOH[HV WKDWXQGHUSLQGHYHORSPHQWDO WUDMHFWRULHVDQGFRJQLWLYH
IXQFWLRQ ,QFUHDVLQJQXPEHUVRI WKHVH UHJXODWRU\51$VDUHEHLQJ
VKRZQWREHG\VUHJXODWHGLQFDQFHUDQGRWKHUFRPSOH[GLVHDVHV,W
LVDOVREHFRPLQJHYLGHQWWKDWWKHV\VWHPKDVHYROYHGH[WUDRUGLQDU\
SODVWLFLW\YLD51$HGLWLQJDQG WKDW WKLV LV WKHPROHFXODUEDVLVRI




WKH EUDLQ 7KXV DSDUW IURP WKH IDFW WKDW VRPH JHQHV HQFRGH
SURWHLQV LW DSSHDUV PRVW RUWKRGR[ DVVXPSWLRQV DERXW KXPDQ
JHQHWLF LQIRUPDWLRQ KDYH EHHQ LQFRUUHFW DQG WKDW ZKDW ZDV
GLVPLVVHG DV ĴMXQNµEHFDXVH LW ZDV QRW XQGHUVWRRG ZLOO KROG WKH
NH\ WR XQGHUVWDQGLQJ KXPDQ HYROXWLRQ GHYHORSPHQW YDULDWLRQ
FRJQLWLRQDQGGLVHDVH
-RKQ0DWWLFN LV WKH 3URIHVVRU RI 0ROHFXODU %LRORJ\ DQG
$5& )HGHUDWLRQ )HOORZ DW WKH ,QVWLWXWH IRU 0ROHFXODU
%LRVFLHQFH DW WKH 8QLYHUVLW\ RI 4XHHQVODQG +H GLG KLV
XQGHUJUDGXDWHWUDLQLQJDWWKH8QLYHUVLW\RI6\GQH\DQGKLV
3K' DW 0RQDVK 8QLYHUVLW\ +H KDV ZRUNHG DW %D\ORU
&ROOHJH RI0HGLFLQH LQ+RXVWRQ WKH&6,52'LYLVLRQ RI
0ROHFXODU %LRORJ\ LQ 6\GQH\ DQG WKH 8QLYHUVLWLHV RI
&DPEULGJH 2[IRUG &RORJQH DQG 6WUDVERXUJ +H ZDV
)RXQGDWLRQ 'LUHFWRU RI WKH $XVWUDOLDQ *HQRPH 5HVHDUFK
)DFLOLW\ DQG WKH ,QVWLWXWH IRU0ROHFXODU%LRVFLHQFH+H LV
DQ$VVRFLDWH0HPEHURI WKH(XURSHDQ0ROHFXODU%LRORJ\
2UJDQLVDWLRQ DQG D )HOORZ RI WKH$XVWUDOLDQ$FDGHP\ RI
6FLHQFH
 
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7KH ILUVW VWHSRQ WKH URDG WRNQRZOHGJHZDV WDNHQ LQZKHQ
ZH ILUVW JOLPSVHG WKH51$ FRPSOH[LW\:H UHDOL]HG WKH QHHG RI
QHZ WHFKQRORJLHV WR FRQVWUXFW WKH IXOOOHQJWK F'1$ OLEUDU\ &DS
WUDSSHUPHWKRGQRUPDOL]DWLRQVXEWUDFWLRQQHZF'1$YHFWRUDQG
WKHUPRSURWHFWLRQ WHFKQRORJ\ RI UHYHUVH WUDQVFULSWDVH XVLQJ




IRXQGHG LQ  7KH FRPELQDWLRQ RI WDOHQWHG SHRSOH DQG GDWD
KDYHJLYHQXVPLOOLRQVRIIXOOOHQJWKF'1$VHTXHQFHV&$*(WDJV
DQG GLWDJV FROOHFWHG LQ WKH GH IDFWR ZRUOG VWDQGDUG GDWDEDVH 
YLVLWVVHFRQG  7KH HIIRUWV RI WKH )$1720 FRQVRUWLXP KDYH
UHYHDOHG QRQFRGLQJ 51$ QF51$ DV WKHPDMRU SURGXFW RI WKH
JHQRPHDQGWKDWWKHDFWXDOQXPEHURIJHQHVLVGLPLQLVKHG
WKURXJKWKHKLVWRU\RIOLIHVFLHQFHGXHWRJHQHIXVLRQEXWLQFUHDVHG
E\ WKHQXPEHURIQF51$:HDOVR OHDUQHG WKDWRIDOOJHQHV
KDYHVHQVHDQWLVHQVHWUDQVFULSWV$OOWKHGLVFRYHULHVZHKDYHPDGH
UHJDUGLQJ51$KDYH JLYHQ XV D QHZYLHZRI WKH FHQWUDO GRJPD
FROODSVLQJ WKH ROG'1$ WR SURWHLQ FRQFHSW 7KH GRXEOH VWUDQGHG
51$ GV51$ IRU 51$L FDQQRW RQO\ EH FUHDWHG E\ YLUXV DQG
PL51$DQG6$6LVDQHZVRXUFHRIGV51$51$LVIOH[LEOHDQG







2VDND 8QLYHUVLW\ 0HGLFDO 6FKRRO LQ  DQG 
UHVSHFWLYHO\ ,Q  KH MRLQHG 5,.(1 DQG ZDV
DSSRLQWHG3URMHFW'LUHFWRUIRUWKH5,.(1*HQRPH3URMHFW
LQ 6LQFH WKHQKHKDVEHHQ WDNHQD WUDQVYHUVDO GDWD




IROORZHG E\ RUJDQL]DWLRQ RI )$1720 )XQFWLRQDO
$QQRWDWLRQ RI 0DPPDOLDQ DQ LQWHUQDWLRQDO FRQVRUWLXP
RULJLQDOO\ WR DQQRWDWH D ODUJH QXPEHU RI F'1$ DQG
VXEVHTXHQWO\ H[SDQGHG WR WUDQVFULSWRPH DQG QHWZRUN
DQDO\VLV)$1720DFWLYLWLHVUHYHDOHGWKDWPRUHWKDQ
RI WKH JHQRPH ² QRW MXVW WKH a IUDFWLRQ WKDW DUH
SURWHLQFRGLQJH[RQV²LVWUDQVFULEHGDV51$,QKH
DSSRLQWHGWRWKH'LUHFWRURIWKH2PLFV6FLHQFH&HQWHU7KH
FHQWHU ZDV HVWDEOLVKHG WR OLQN D YDULHW\ RI RPLFV
VXEGLVFLSOLQHV WR PROHFXODU QHWZRUNV DQG SDWKZD\V LQ
RUGHU WR DGYDQFH RXU XQGHUVWDQGLQJ RI ELRORJLFDO
SKHQRPHQDDVV\VWHPVDWWKHPROHFXODUOHYHO
 
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+LJKHURUGHU FKURPRVRPDO RUJDQL]DWLRQ IRU WUDQVFULSWLRQ
UHJXODWLRQ DQG FRRUGLQDWLRQ LV SRRUO\ XQGHUVWRRG LQ HXNDU\RWHV
8VLQJ JHQRPHZLGH&KURPDWLQ ,QWHUDFWLRQ$QDO\VLVZLWK 3DLUHG
(QG7DJ VHTXHQFLQJ &K,$3(7 ZH PDSSHG ORQJUDQJH
FKURPDWLQ LQWHUDFWLRQV DVVRFLDWHG ZLWK &7&) DQG 51$
SRO\PHUDVH ,, LQ KXPDQ FHOOV 7KHVH DQDO\VHV UHYHDOHG WKDW WKH
JHQHUDO ODQGVFDSHRIFKURPRVRPDORUJDQL]DWLRQ LV ODUJHO\ IUDPHG
E\&7&)IXQFWLRQLQWRDEXQGDQWFKURPDWLQORRSLQJVWUXFWXUHVDQG
VXFKORRSLQJFRQIRUPDWLRQSURYLGHVWKHWRSRORJLFDOEDVLVIRUJHQH
WUDQVFULSWLRQ UHJXODWLRQ DQG FRRUGLQDWLRQ :H GHPRQVWUDWHG WKDW
PDQ\ JHQHV DUH RUJDQL]HG ZLWKLQ FKURPDWLQ FRPSOH[ DQG DUH
WUDQVFULEHG FRRSHUDWLYHO\ :H DOVR GLVFRYHUHG WKDW SURPRWHUV LQ
VSDWLDO SUR[LPLW\ FRXOG LQIOXHQFH HDFK DQRWKHU LPSO\LQJ KLJKHU
RUGHUFRPELQDWRULDOFRQWUROVRIWUDQVFULSWLRQ2XUDQDO\VHVSURYLGH
QHZ GLPHQVLRQ RI FRPELQDWRULDO FRQWUROV RI WUDQVFULSWLRQ LQ
HXNDU\RWLF JHQRPHV )XUWKHU VWXG\ LQ WKH QHZ FRQFHSW RI
FKURPDWLQDUFKLWHFWXUHDQGWUDQVFULSWLRQUHJXODWLRQZLOO\LHOGQHZ
LQVLJKWV RI JHQH WUDQVFULSWLRQDO FRQWURO LQ QRUPDO DQG GLVHDVHG
FHOOV
'U5XDQ<LMXQ LVFXUUHQWO\ WKH6HQLRU*URXS/HDGHUDQG
$VVRFLDWH 'LUHFWRU RI *HQRPLFV 7HFKQRORJ\ DW WKH
*HQRPH ,QVWLWXWH RI6LQJDSRUH+LV SULPDU\ LQWHUHVW LV WR
HOXFLGDWH WKH VWUXFWXUHV DQG G\QDPLFV RI DOO IXQFWLRQDO
'1$HOHPHQWVLQFRPSOH[JHQRPHVWKURXJKWUDQVFULSWRPH




'1$ VHTXHQFLQJ DQG PDSSLQJ PHWKRGRORJLHV 7KHVH
VHTXHQFLQJEDVHG PHDVXUHPHQWV DUH XVHG WR DGGUHVV
FRPSOH[ ELRORJLFDO TXHVWLRQV VXFK DV KRZ FDQFHU FHOOV
SURJUHVV DQG KRZ VWHP FHOOV PDLQWDLQ WKHLU XQLTXH
SURSHUWLHV $QRWKHU PDMRU LQWHUHVW RI 'U 5XDQ LV WR
GLVFRYHU SUHYLRXVO\ XQFKDUDFWHUL]HG PLFURELDO JHQHV DQG
JHQRPHVWKDWDUHUHOHYDQWWRKXPDQKHDOWK7RWKLVHQGKLV
ODEKDV HVWDEOLVKHG DPHWDJHQRPHDQDO\VLV FDSDELOLW\ WKDW
LQFOXGHV D ILOWUDWLRQ V\VWHP IRU LVRODWLQJ XQFXOWXUHG
PLFUREHVVKRWJXQDQG3(7VHTXHQFLQJRIPHWDJHQRPHVWR
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(XNDU\RWLF JHQH WUDQVFULSWLRQ GHSHQGV RQ WKH LQWHUSOD\ EHWZHHQ
WUDQVFULSWLRQIDFWRUVDQGWKHFLVUHJXODWRU\HOHPHQWVLQWKHJHQRPH
:KLOH PRVW RI WKH SURWHLQ FRGLQJ VHTXHQFHV LQ WKH PDPPDOLDQ
JHQRPHKDYHEHHQIRXQGWKHFLVUHJXODWRU\VHTXHQFHVWKDWFRQWURO
WKHLU WLVVXH DQG WHPSRUDOVSHFLILF H[SUHVVLRQ UHPDLQ ODUJHO\
XQNQRZQ :H UHSRUW WKH ILUVW FRPSUHKHQVLYH VXUYH\ RI FLV
UHJXODWRU\ VHTXHQFHV LQ D PDPPDOLDQ JHQRPH :H XVH D KLJK
WKURXJKSXW H[SHULPHQWDO VWUDWHJ\ WR LGHQWLI\ WUDQVFULSWLRQ IDFWRU
ELQGLQJ DQG FKURPDWLQ PRGLILFDWLRQ SURILOHV LQ D ODUJH SDQHO RI
PRXVH WLVVXHV DQG SULPDU\ FHOOV %\ DQDO\]LQJ WKH JHQRPLF
ELQGLQJ VLWHV RI 51$ SRO\PHUDVH ,, FRDFWLYDWRU SURWHLQ S
LQVXODWRU SURWHLQ &7&) DQG WZR FKURPDWLQ PRGLILFDWLRQ PDUNV
+.PH DQG +.PH ZH LGHQWLILHG RYHU  FLV
UHJXODWRU\VHTXHQFHVLQFOXGLQJSURPRWHUVHQKDQFHUVDQGLQVXODWRU
VHTXHQFHV LQ WKH PRXVH JHQRPH 7KLV PDS RI FLVUHJXODWRU\
VHTXHQFHVSURYLGHV IXQFWLRQDO DQQRWDWLRQ IRU RYHU RI DOO WKH
FRQVHUYHG QRQFRGLQJ UHJLRQV SUHYLRXVO\ LGHQWLILHG LQ WKHPRXVH
JHQRPH,WLGHQWLILHVORQJUDQJHHQKDQFHUVIRUWKRXVDQGVRIWLVVXH
VSHFLILFDOO\ H[SUHVVHG JHQHV ,W DOVR H[KLELWV D KLJK OHYHO RI
FRQVHUYDWLRQLQWKHFLVUHJXODWRU\HOHPHQWVEHWZHHQWKHKXPDQDQG
PRXVH JHQRPHV SURYLGLQJ D SRZHUIXO WRRO IRU WKH DQQRWDWLRQ RI
IXQFWLRQDOHOHPHQWVLQWKHKXPDQJHQRPH
'U 5HQ LV FXUUHQWO\0HPEHU RI WKH /XGZLJ ,QVWLWXWH IRU
&DQFHU 5HVHDUFK /,&5 DQG 3URIHVVRU RI &HOOXODU DQG
0ROHFXODU 0HGLFLQH DW WKH 8QLYHUVLW\ RI &DOLIRUQLD 6DQ
'LHJR 6FKRRO RI 0HGLFLQH +H FXUUHQWO\ OHDGV WKH 6DQ
'LHJR (SLJHQRPH &HQWHU RQH RI IRXU 1,+VSRQVRUHG
5HIHUHQFH(SLJHQRPH0DSSLQJ&HQWHUV +HREWDLQHGKLV
3K'IURP+DUYDUG8QLYHUVLW\LQZKHUHKHVWXGLHG
PHFKDQLVPV RI WUDQVFULSWLRQDO UHSUHVVLRQ XQGHU WKH
JXLGDQFH RI 'U 7RP 0DQLDWLV )URP  WR  KH
FRQWLQXHG WR UHVHDUFKPHFKDQLVPVRI JHQH UHJXODWLRQ DQG
JHQRPLFVDVDSRVWGRFWRUDOIHOORZLQ'U5LFKDUG<RXQJµV




JHQH UHJXODWLRQ LQ KXPDQ FHOOV +LV JURXS LV DPRQJ WKH
ILUVW WR GHPRQVWUDWH WKH XVH RI KLJKUHVROXWLRQ JHQRPH
WLOLQJ DUUD\V IRU PDSSLQJ FLVUHJXODWRU\ HOHPHQWV  +LV
UHFHQWZRUNV LQFOXGHJHQHUDWLRQRIJHQRPHZLGHPDSVRI
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PHGLDQ RI  \HDUV UDQJH EHWZHHQ  \HDUV ,Q DQ HIIRUW WR XQGHUVWDQG WKH PROHFXODU VLJQDWXUH RI %& LQ WKH 6DXGL




RIPHWK\ODWLRQ LQ WKH(65DQG WKH&'+JHQHV DQG UHVSHFWLYHO\6HYHUDOVWDWLVWLFDOO\VLJQLILFDQWFRUUHODWLRQVZHUH
LGHQWLILHGEHWZHHQVSHFLILFPHWK\ODWLRQHYHQWVDQGFOLQLFDOSDUDPHWHUVZKLFKJDLQHGPRUHVLJQLILFDQFHZKHQDQDO\VLVZDVOLPLWHG
WRWKH(5VDPSOHV$OWKRXJKWKHUHZDVQRVLJQLILFDQWFRUUHODWLRQVEHWZHHQDQ\PHWK\ODWLRQHYHQWDQGGLVHDVHVSHFLILFVXUYLYDO
'66PHWK\ODWLRQRI0<2'RU5$66)$ZDV DVVRFLDWHGZLWK ORZHUGLVHDVHIUHH VXUYLYDO ')6 DQG LQFUHDVHG FKDQFHRI
UHFXUUHQFH )XUWKHUPRUH PXOWLYDULDWH &R[ UHJUHVVLRQ DQDO\VLV LGHQWLILHG 5$66)$ DV DQ LQGHSHQGHQW SUHGLFWRU RI SRRU
SURJQRVLV LQ WHUPV RI')6 LQ WKLV FRKRUW&RQFOXVLRQ2XU ILQGLQJV SURYLGH IXUWKHU HYLGHQFH RQ WKH XVHIXOQHVV RI5$66)$
PHWK\ODWLRQVWDWXVDVDQLQIRUPDWLYHSURJQRVWLFELRPDUNHULQ%&LQ6DXGLSRSXODWLRQ
 
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JHQHV ZKLFK LQ VXFK LQVWDQFHV FRQVWLWXWH D PRUH DWWUDFWLYH VWUDWHJ\ WKDQ VPDOO PROHFXOH GUXJV /RZ GRVH GUXJ DQG VL51$
FRPELQDWLRQ VWXGLHV DUH SURPLVLQJ VWUDWHJLHV IRU WKH SXUSRVH RI LGHQWLI\LQJ V\QHUJLVWLF WDUJHWV WKDW IDFLOLWDWH UHGXFWLRQ RI FHOO
SUROLIHUDWLRQ&RPPHUFLDOO\DYDLODEOH51$LOLEUDULHVKDYHPDGHKLJKWKURXJKSXWJHQRPHVFDOHVFUHHQLQJDIHDVLEOHPHWKRGRORJ\
IRU VWXG\LQJPDPPDOLDQ FHOO V\VWHPV+RZHYHU LW LV FUXFLDO WKDW DQ\ REVHUYHGSKHQRW\SLF FKDQJH EH FRQILUPHG DW HLWKHU WKH
P51$DQGRUSURWHLQ OHYHO WRGHWHUPLQH WKHYDOLGLW\RI WKH WDUJHWHGJHQHV4XDQWLWDWLYHUHDOWLPH3&5T3&5 LVQRZZLGHO\
XVHG RZLQJ WR LWV VLPSOLFLW\ ZLGH G\QDPLF UDQJH RI TXDQWLILFDWLRQ VHQVLWLYLW\ DQG SUHFLVLRQ IRU DFFXUDWH HYDOXDWLRQ DQG
YDOLGDWLRQRIJHQHH[SUHVVLRQ:HGHVFULEHKHUHDKLJKWKURXJKSXWVFUHHQLQJRI51$LEDVHGJHQHVLOHQFLQJSURFHVVDQGT3&5
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7KH ODVW GHFDGH KDV VHHQ D VWHDG\ HPEUDFH RI JHQRPLF DQG
SHUVRQDOL]HGPHGLFLQHE\VHQLRUJRYHUQPHQWRIILFLDOVLQGXVWU\
OHDGHUVKLS KHDOWK FDUH SURYLGHUV DQG WKH SXEOLF *HQRPLF
PHGLFLQH  WKH XVH RI LQIRUPDWLRQ IURP JHQRPHV DQG WKHLU
GHULYDWLYHV 51$ SURWHLQV PHWDEROLWHV WR JXLGH PHGLFDO
GHFLVLRQPDNLQJ LV D NH\ FRPSRQHQW RI SHUVRQDOL]HG
PHGLFLQH D UDSLGO\ DGYDQFLQJ ILHOG RI KHDOWK FDUH WKDW LV
LQIRUPHG E\ HDFK SHUVRQµV XQLTXH FOLQLFDO JHQHWLF JHQRPLF




IXQGDPHQWDOV RI JHQRPLF DQG SHUVRQDOL]HG PHGLFLQH ZLOO
UHTXLUH WKH GHYHORSPHQW VWDQGDUGL]DWLRQ DQG LQWHJUDWLRQ RI
VHYHUDO LPSRUWDQW WRROV LQWR KHDOWK V\VWHPV DQG FOLQLFDO
ZRUNIORZV7KHVHLQFOXGHKHDOWKULVNDVVHVVPHQWIDPLO\KHDOWK
KLVWRU\ DQG FOLQLFDO GHFLVLRQ VXSSRUW IRU FRPSOH[ ULVN DQG
SUHGLFWLYH LQIRUPDWLRQ 7RJHWKHU ZLWK JHQRPLF LQIRUPDWLRQ
WKHVH ZLOO HQDEOH D SDUDGLJP VKLIW WR D FRPSUHKHQVLYH
DSSURDFK WKDWZLOO LGHQWLI\ LQGLYLGXDO ULVNV DQGJXLGH FOLQLFDO
PDQDJHPHQWDQGGHFLVLRQPDNLQJDOORIZKLFKIRUPWKHEDVLV
IRU D PRUH LQIRUPHG DQG HIIHFWLYH DSSURDFK WR SDWLHQW FDUH
'1$ EDVHG ULVN DVVHVVPHQW IRU FRPPRQ FRPSOH[ GLVHDVH
PROHFXODU VLJQDWXUHV IRU FDQFHU GLDJQRVLV DQG SURJQRVLV DQG
JHQRPHJXLGHGWKHUDS\DQGGRVHVHOHFWLRQDUHMXVWDPRQJWKH
IHZ LPSRUWDQW H[DPSOHV ZKHUH JHQRPH LQIRUPDWLRQ KDV
DOUHDG\HQDEOHGSHUVRQDOL]HGKHDOWKFDUHDORQJ WKHFRQWLQXXP
IURP KHDOWK WR GLVHDVH  ,Q DGGLWLRQ LQIRUPDWLRQ IURP
LQGLYLGXDO JHQRPHV D IDVWPRYLQJ DUHD RI WHFKQRORJLFDO
GHYHORSPHQW LVVSDZQLQJDVRFLDODQG LQIRUPDWLRQUHYROXWLRQ
DPRQJ FRQVXPHUV WKDW ZLOO XQGRXEWHGO\ DIIHFW KHDOWK FDUH
GHFLVLRQPDNLQJ:KLOHWKHVHDQGRWKHUVFLHQWLILFILQGLQJVDUH
PDNLQJ WKHLU ZD\ IURP WKH JHQRPH WR WKH FOLQLF WKH IXOO
DSSOLFDWLRQ RI JHQRPLF DQG SHUVRQDOL]HG PHGLFLQH LQ KHDOWK
FDUH ZLOO UHTXLUH GUDPDWLF FKDQJHV LQ UHJXODWRU\ DQG
UHLPEXUVHPHQW SROLFLHV DV ZHOO DV OHJLVODWLYH SURWHFWLRQV IRU
SULYDF\ IRU V\VWHPZLGH DGRSWLRQ 7KXV WKHUH DUH FKDOOHQJHV
ERWK IURP D VFLHQWLILF DQG SROLF\ SHUVSHFWLYH WR SHUVRQDOL]HG
KHDOWKFDUHKRZHYHU WKH\ZLOOEHFRQIURQWHGDQGVROYHGZLWK






0HGLFLQH DVVXPHG KLV FXUUHQW SRVLWLRQ LQ WKH'XNH ,QVWLWXWH
IRU *HQRPH 6FLHQFHV DQG 3ROLF\ LQ  DQG ZDV DOVR FR
GLUHFWRURIWKH'XNH7UDQVODWLRQDO0HGLFLQH,QVWLWXWHLQ
+H LV DOVR WKH IRXQGLQJ H[HFXWLYH GLUHFWRU RI WKH &HQWHU IRU
3HUVRQDOL]HG0HGLFLQHHVWDEOLVKHGLQ:KLOHDW'XNH'U
*LQVEXUJ KDV SLRQHHUHG WUDQVODWLRQDO JHQRPLFV LQLWLDWLQJ WKH
ILUVWJHQRPLFJXLGHGFOLQLFDOWULDOVDVZHOODVGHYHORSLQJQRYHO
SUDFWLFH PRGHOV DQG LPSOHPHQWDWLRQ UHVHDUFK IRU WKH
LQWHJUDWLRQRIJHQRPLFWRROVLQKHDWKFDUHV\VWHPV,QKH
MRLQHG WKH IDFXOW\ RI+DUYDUG0HGLFDO 6FKRROZKHUH KHZDV
GLUHFWRU RI SUHYHQWLYH FDUGLRORJ\ DQG OHG D ODERUDWRU\ LQ
DSSOLHG JHQHWLFV RI FDUGLRYDVFXODU GLVHDVH ,Q  KH MRLQHG
0LOOHQQLXP 3KDUPDFHXWLFDOV ,QF DV VHQLRU SURJUDP GLUHFWRU
IRUFDUGLRYDVFXODUGLVHDVHVDQGZDVHYHQWXDOO\DSSRLQWHGYLFH
SUHVLGHQW RI 0ROHFXODU DQG 3HUVRQDOL]HG 0HGLFLQH DW
0LOOHQQLXP 'U *LQVEXUJ UHVHDUFK LQWHUHVWV DUH LQ WKH
GHYHORSPHQW RI QRYHO SDUDGLJPV IRU GHYHORSLQJ DQG
WUDQVODWLQJJHQRPLF LQIRUPDWLRQ LQWRPHGLFDOSUDFWLFHDQG WKH
LQWHJUDWLRQ RI SHUVRQDOL]HGPHGLFLQH LQWR KHDOWK FDUH+H KDV
UHFHLYHG D QXPEHU RI DZDUGV LQFOXGLQJ WKH ,QQRYDWRU LQ
0HGLFLQH $ZDUG IURP 0LOOHQQLXP  DQG WKH %DVLF
5HVHDUFK $FKLHYHPHQW $ZDUG LQ &DUGLRYDVFXODU 0HGLFLQH
IURP'XNH+HLVDIRXQGLQJPHPEHUDQGRQWKH%RDUG
RI'LUHFWRUV RI WKH3HUVRQDOL]HG0HGLFLQH&RDOLWLRQ D VHQLRU
FRQVXOWLQJHGLWRU IRU7KH-RXUQDO RI WKH$PHULFDQ&ROOHJHRI
&DUGLRORJ\ HGLWRULQFKLHI IRU 7KH +8*2 -RXUQDO DQG DQ
HGLWRULDO DGYLVRU IRU 6FLHQFH 7UDQVODWLRQDO 0HGLFLQH  ,Q
DGGLWLRQ KH LV WKH HGLWRU RI *HQRPLF DQG 3HUVRQDOL]HG
0HGLFLQH(OVHYLHUZKRVHILUVWHGLWLRQZDVSXEOLVKHGLQ
+HKDVEHHQDQLQWHUQDWLRQDOH[SHUWSDQHOPHPEHUIRU*HQRPH
&DQDGD DQG LV FXUUHQWO\ D PHPEHU RI WKH %RDUG RI ([WHUQDO
([SHUWV IRU WKH1DWLRQDO+HDUW/XQJDQG%ORRG ,QVWLWXWH WKH
6HFUHWDU\ RI 9HWHUDQV$IIDLUV $GYLVRU\ &RXQFLO RQ*HQRPLF
0HGLFLQHWKH,QVWLWXWHRI0HGLFLQHµV5RXQGWDEOHRQ*HQRPH
%DVHG5HVHDUFK WR+XPDQ+HDOWK DQG WKH1DWLRQDO$GYLVRU\
&RXQFLO IRU +XPDQ *HQRPH 5HVHDUFK +H UHFHLYHG KLV 0'
DQG3K'LQELRSK\VLFVIURP%RVWRQ8QLYHUVLW\DQGFRPSOHWHG
DQ LQWHUQDO PHGLFLQH UHVLGHQF\ DW %HWK ,VUDHO +RVSLWDO LQ
%RVWRQ +H SXUVXHG SRVWGRFWRUDO WUDLQLQJ LQ FOLQLFDO
FDUGLRYDVFXODU PHGLFLQH DW %HWK ,VUDHO +RVSLWDO DQG LQ
PROHFXODU ELRORJ\ DW &KLOGUHQµV +RVSLWDO DV D %XJKHU
)RXQGDWLRQ)HOORZRIWKH$PHULFDQ+HDUW$VVRFLDWLRQ
 
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WKH SRZHU RI JHQRPLF NQRZOHGJH DQG WHFKQRORJLHV WR UHVROYH
FRPSOH[SUREOHPV 7KHIXQGDPHQWDOGLIIHUHQFHEHWZHHQWKLVDQG
ROGHUVWUDWHJLHVLQPHGLFLQHUHVHDUFKLVWKHFRPSUHKHQVLYHQHVVDQG




WKHUHIRUH PHDQV FRPSXWDWLRQDO DQG V\VWHPV PHGLFLQH DV ZHOO
2SHUDWLRQDOO\ V\VWHPV ELRORJ\ UHTXLUHV WKH GLJLWDOL]DWLRQ RI
ELRORJLFDO RXWSXW WKH FRPSXWDWLRQDO SRZHU WR DQDO\]H
FRPSUHKHQVLYHDQGPDVVLYHGDWDVHWVDQGWKHFDSDFLW\WRLQWHJUDWH
KHWHURJHQHRXVGDWD LQWR DXVDEOHNQRZOHGJH IRUPDW 7KHUH LVQR
ILHOG PRUH VXLWDEOH IRU JHQRPLF VWUDWHJLHV LQ FOLQLFDO FDUH WKDQ
FDQFHU  7KH SUHFLVLRQ DQG WKH FRPSOHWHQHVV RI WKH JHQRPLF
DQDO\VLV ZLOO DOORZ IRU WKH VWUDWLILFDWLRQ RI SDWLHQWV DW ULVN IRU
FDQFHU IRU WKHUDSHXWLF UHVLVWDQFHDQG IRUGUXJVLGHHIIHFWV 7KLV
ZLOOQRWRQO\LPSURYHFDUHEXWDOVRUHGXFHWKHFRVWRIKHDOWKFDUH
DW WKH V\VWHPV OHYHO  7KH DYDLODELOLW\ RI JHQRPH VHTXHQFHVZLOO
FKDQJH WKH IDFH RI ELRPHGLFDO UHVHDUFK DQG RI PHGLFLQH
,QGLYLGXDO JHQRPHV WKDW GRQRW FKDQJH LQ OLIH FDQEH DVVHVVHG DW
RQH WLPH  7KHUHIRUH RQHµV FRPSOHWH JHQHWLF SURILOH LV DFFHVVLEOH
SRWHQWLDOO\DVDFOLQLFDO WHVW $VZLWKRWKHUWHFKQRORJLHVJHQRPH
VHTXHQFLQJ RI WKLV PDJQLWXGH UDLVHV FOHDU OHJDO DQG VRFLDO
FKDOOHQJHV  ,Q WKH VDPH ZD\ WKDW SHUVRQDO FRPSXWHUV DQG WKH
LQWHUQHWKDVFKDQJHGRXUVRFLDODFWLYLWLHVDQGUHGHILQHGSULYDF\WKH
VDPH ZLOO EH WUXH RI SHUVRQDO JHQRPLF LQIRUPDWLRQ  :H ZLOO
GHVFULEHKRZJHQRPLFDSSURDFKHVDUHFKDQJLQJRXUXQGHUVWDQGLQJ
RIFDQFHUDVDPRGHOV\VWHP2XUZRUNDWWKH*HQRPH,QVWLWXWH
RI 6LQJDSRUH LQ WUDQVFULSWLRQDO SURILOLQJ KDV OHG WR WUDQVFULSWLRQ
IDFWRU ELQGLQJ VLWH G\QDPLFV DQG KXPDQ YDULDWLRQV LQ WKRVH
ELQGLQJ VLWHV  :H HPSOR\ D VWUDWHJ\ RI XVLQJ JHQRPLF GDWD WR
UHFRQVWUXFW V\VWHPV PDSV RI FULWLFDO UHJXODWRU\ QHWZRUNV  7KLV
LQWHJUDWLYHDSSURDFKSHUPLWVPRGHOLQJRIFRPSOH[LQWHUDFWLRQVDQG
DOORZHG XV WR TXLFNO\ XQFRYHU FRPSOH[ PHFKDQLVPV RI GUXJ
DFWLRQ  &RXSOHG ZLWK WKH GUDPDWLF H[SDQVLRQ RI GLVHDVH JHQH
GLVFRYHU\LQSRSXODWLRQVWXGLHVZHQRZILQGWKDWUDWKHUWKDQDIHZ
JHQHV KXQGUHGV RI JHQHV PD\ EH LQYROYHG LQ WKH JHQHVLV RI D
VLQJOH FRPSOH[ GLVHDVH +DUQHVVLQJ FRPSOH[LW\ZLOO EH RXU QH[W
JUHDWFKDOOHQJH
'U /LX LV WKH ([HFXWLYH 'LUHFWRU *HQRPH ,QVWLWXWH RI
6LQJDSRUH $JHQF\ IRU 6FLHQFH 7HFKQRORJ\ DQG
5HVHDUFKDQG3URIHVVRURI0HGLFLQH1DWLRQDO8QLYHUVLW\
RI6LQJDSRUH+HUHFHLYHGKLVGHJUHHV%6DQG0'DW
6WDQIRUG 8QLYHUVLW\ IXUWKHU RQFRORJ\ DQG PROHFXODU
ELRORJ\WUDLQLQJDW6WDQIRUGDQGDW8&6)3ULRUWRVWDUWLQJ
WKH*,6LQ'U/LXZDVWKH6FLHQWLILF'LUHFWRUIRUWKH
'LYLVLRQ RI &OLQLFDO 6FLHQFHV 1DWLRQDO &DQFHU ,QVWLWXWH
86$ 'U /LXµV VFLHQWLILF UHVHDUFK KDV IRFXVHG RQ WKH
IXQFWLRQDOJHQRPLFVRIKXPDQFDQFHUVSDUWLFXODUO\EUHDVW
FDQFHULQYHVWLJDWLQJWKHG\QDPLFVRIJHQHUHJXODWLRQRQD
JHQRPH VFDOH WKDW PRGXODWHV FDQFHU ELRORJ\ +H KDV
DXWKRUHGRYHUVFLHQWLILFSDSHUVUHYLHZVDQGERRNV+H
LV WKHUHFLSLHQWRIDQXPEHURIDZDUGV/HXNHPLD6RFLHW\
6FKRODU  0HPEHU WKH $PHULFDQ 6RFLHW\ RI
&OLQLFDO ,QYHVWLJDWLRQV HOHFWHG  WKH %ULQNHU
,QWHUQDWLRQDO $ZDUG IRU EDVLF VFLHQFH UHVHDUFK LQ %UHDVW
&DQFHU  WKH 5RVHQWKDO $ZDUG IURP WKH $PHULFDQ
$VVRFLDWLRQ IRU &DQFHU 5HVHDUFK  WKH 3UHVLGHQWµV
3XEOLF 6HUYLFH 0HGDO IRU KHOSLQJ 6LQJDSRUH UHVROYH WKH
6$56 FULVLV DQG D'RFWRU RI0HGLFLQH 6FLHQFHVKRQRULV
FDXVD4XHHQµV 8QLYHUVLW\ %HOIDVW  +H ZDV HOHFWHG
DVD)RUHLJQ$VVRFLDWH0HPEHURIWKH(XURSHDQ0ROHFXODU
%LRORJ\ 2UJDQL]DWLRQ (0%2  DQG VHUYLQJ KLV
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*HQHWLF GDWDZLOO LQIOXHQFH FOLQLFDO KHDOWK VHUYLFHV DQG SUH
YHQWLYHKHDOWK VWUDWHJLHV LQFUHDVLQJO\ LQ WKH IXWXUH7UDQVODW
LQJ UDSLGO\ IURP ELRPHGLFDO UHVHDUFK WR KHDOWK FDUH LV DQ
LQFUHDVLQJXQGHUVWDQGLQJRIVHTXHQFHYDULDWLRQLQWKHKXPDQ
JHQRPH7KLV LV IDFLOLWDWHGE\PRUHDFFHVVLEOH DFFXUDWH DQG
DIIRUGDEOHWHFKQRORJLHVIRUJHQRW\SLQJDORQJZLWKWKHUHFRJ
QLWLRQ RI WKH QHHG IRU LQIRUPDWLFV H[SHUWLVH WR LQWHUSUHW WKH
VLJQLILFDQFH RI WKHVH FKDQJHV IRU KXPDQ KHDOWK (QKDQFHG
RSSRUWXQLWLHVQRZH[LVW WRXVHJHQHWLF WHFKQRORJLHV LQDSUH
YHQWLYHDSSURDFKWRKHDOWKFDUHLQRUGHUWRUHGXFHWKHEXUGHQ
RI GLVHDVH 7KH LQIRUPDWLRQ JHQHUDWHG E\ ZKROH JHQRPH
VHTXHQFLQJ :*6 QHHGV FRUUHODWLRQ ZLWK DFFXUDWH SKHQR






VRQDOL]HGPHGLFLQH OLNHZLVH SKDUPDFRJHQRPLFV LV UDSLGO\
PRYLQJ LQWRPDLQVWUHDPPHGLFLQH ,Q WKH SDVW WZR GHFDGHV
JHQHWLFWHFKQRORJLHVZHUHXVHGSULPDULO\ZLWKLQWKHSHGLDWULF
DQGSUHQDWDODSSURDFKWRUDUHVLQJOHJHQHGLVRUGHUV*HQHWLFV








LQKHUHGLWDU\EUHDVW DQGFRORQFDQFHUZLWK WKHDELOLW\ WR DV
VHVV DQGPDQDJH ULVN KDV DOUHDG\ UHGXFHG WKH LQFLGHQFH RI
PDOLJQDQF\ LQ VRPH VXEVHWV RI WKHVH FRPPRQ FDQFHUV:H
KDYHH[WHQGHGWKHSUHYHQWLYHDSSURDFKWRPDQ\RWKHUGLVRUG
HUV LQFOXGLQJ VXGGHQ FDUGLDF GHDWK 6&'+HUHGLWDU\ KHDUW




DQG PDQDJHPHQW VWUDWHJLHV LQ WKH SUHYHQWLRQ RI IXUWKHU XQ
WLPHO\GHDWK LQIDPLOLHV 0XOWLGLVFLSOLQDU\DQG LQWHUGLVFLSOL
QDU\FROODERUDWLRQVEHWZHHQFOLQLFDOJHQHWLFLVWVPHGLFDODQG
VXUJLFDO H[SHUWV JHQHWLF FRXQVHORUV DQGPROHFXODU SDWKROR
JLVWV HQDEOH WKHPDQDJHPHQWRI WKHSUREDQGDQG WKH IDPLO\
$W WKH VDPH WLPH WKH'LUHFW WR&RQVXPHU '7&PDUNHW LV
JURZLQJ LQWHUQDWLRQDOO\ UDLVLQJ LVVXHV DERXW HDV\ DFFHVV WR
H[WHQVLYH KHDOWK LQIRUPDWLRQ LWV SRWHQWLDO XVH DQGXWLOLW\ DV
ZHOODVSULYDF\RZQHUVKLSDQGDFFUHGLWDWLRQ6XSSRUWLYHFDUH
WKURXJK JHQHWLF FRXQVHOLQJ LV DQ HVVHQWLDO SLOODU RI JHQHWLF
PHGLFLQH LWV UROH LQ '7& FDQQRW EH XQGHUHVWLPDWHG 7KH
PDLQVWUHDPLQJ RI JHQHWLF WHFKQRORJLHV LQWR KHDOWK FDUH V\V
WHPV UDLVHV D UDQJH RI HWKLFDO OHJDO FXOWXUDO VSLULWXDO SV\
FKRORJLFDODQGVRFLDOLVVXHV$QLQWHJUDOSDUWRIWKHLQFOXVLRQ
RI'1$DQDO\VLVLQDFOLQLFDOVHWWLQJLVWKHSURYLVLRQRIDGYR




&OLQLFDO *HQHWLFV DW WKH 8QLYHUVLW\ RI 0HOERXUQH DQG
([HFXWLYH 'LUHFWRU 5HVHDUFK IRU 0HOERXUQH +HDOWK LQ 1R







DQG $VVRFLDWH 'HDQ IRU 5HVHDUFK ZLWKLQ WKH )DFXOW\ RI




FHU *HQHWLFV DW *HQHWLF +HDOWK 6HUYLFHV 9LFWRULD 3URI
:LQVKLSKDVDZLGHUDQJHRIFOLQLFDODQGUHVHDUFKLQWHUHVWVLQ
LQKHULWHG GLVRUGHUV IRFXVLQJ RQ WKRVH ZLWK RQVHW LQ DGXOW
KRRGLQFOXGLQJIDPLOLDOFDQFHUDQGZKHUHIRUHNQRZOHGJHRI




GLVFLSOLQH ZLWK UHVHDUFK LQWR WKH FXOWXUDO DQG SV\FKRVRFLDO
GRPDLQVRIJHQHWLF WHFKQRORJ\DQGZDVDPHPEHURI WKH LQ
DXJXUDO,QGHSHQGHQW%LRWHFKQRORJ\$GYLVRU\&RXQFLOIRUWKH
0LQLVWU\ RI 5HVHDUFK 6FLHQFH DQG 7HFKQRORJ\ LQ 1HZ
=HDODQG ,Q 0HOERXUQH 3URI :LQVKLS LV &KDLU RI WKH
9LFWRULDQ&RRSHUDWLYH2QFRORJ\*URXS&RPPLWWHH6KHLVRQ
WKH +XPDQ *HQHWLF $GYLVRU\ &RPPLWWHH IRU WKH 1DWLRQDO
+HDOWK DQG 0HGLFDO 5HVHDUFK &RXQFLO 6KH UHSUHVHQWV
0HOERXUQH+HDOWKRQWKH%RDUGRIWKH:DOWHUDQG(OL]D+DOO




WUDQVIHU WR SURIHVVLRQDOV FRPPXQLW\ VXSSRUW JURXSV DQG
VRFLHW\6KHKDVVWURQJFRPPXQLW\OLQNVDQGLVDPHPEHURI
WKHFRPPLWWHHRIWKH*HQHWLF6XSSRUW1HWZRUN9LFWRULD
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WKH8.DJHG7KLV ODUJHVDPSOHVL]HFRXSOHGZLWK WKH ULFK
SKHQRW\SLQJRISDUWLFLSDQWVZLOOPHDQWKDWLQWKHQH[WIHZGHFDGHV
LWZLOOSURYLGHXQLTXHO\UHOLDEOHLQVLJKWVLQWRWKHFDXVHVRIDZLGH
UDQJH RI GLVHDVHV WKDW FDXVH GHDWK DQG PLVHU\ LQ ROG DJH DQG





7LP 6SURVHQ KDV EHHQ &KLHI 6FLHQWLILF 2IILFHU IRU 8.
%LREDQN VLQFH $XJXVW  +LV UHVSRQVLELOLWLHV LQFOXGH
WKH LQWHJUDWLRQDQGGHOLYHU\RIWKHVFLHQWLILFDFWLYLWLHVDQG
FOLQLFDORSHUDWLRQVDW8.%LREDQN+HLVDOVRYLFHFKDLURI
WKH 1RUWK:HVW 5HVHDUFK (WKLFV &RPPLWWHH DQG FKDLU RI
WKH JRYHUQLQJ ERG\ RI KLV ORFDO SULPDU\ VFKRRO LQ
1RWWLQJKDP%HIRUH MRLQLQJ8.%LREDQNKHZDVGLUHFWRU
RI SURGXFW GHYHORSPHQW DQG DFWLQJ GLUHFWRU RI FOLQLFDO
RSHUDWLRQV IRU+HDOWK'HFLVLRQV/LPLWHG LQ2[IRUG  7LP
KDV DOVR ZRUNHG DV DVVRFLDWH GLUHFWRU RI FOLQLFDO
GHYHORSPHQW IRU %D[WHU +HDOWKFDUH DW WKHLU (XURSHDQ
KHDGTXDUWHUV LQ %UXVVHOV DQG DV WKH ILUVW FOLQLFDO WULDOV
PDQDJHU DW WKH 0HGLFDO 5HVHDUFK &RXQFLO 05&
KHDGTXDUWHUV +H KDV OHG WZR86:HVWFRDVW VWDUWXSV WR




WKH 8QLYHUVLW\ RI 'XQGHH LQ  DQG KLV 03KLO'3KLO
IURP WKH 8QLYHUVLW\ RI &DPEULGJH LQ  +LV SRVW
GRFWRUDO UHVHDUFK LQ FHQWUDO QHUYRXV V\VWHP &16
HOHFWURSK\VLRORJLFDOVWXGLHVZDVXQGHUWDNHQLQ&DPEULGJH
DQG2[IRUG  7LPPD\ EH WKH \RXQJHVW SDUWLFLDQW LQ 8.
%LREDQNKDYLQJSDUWLFLSDWHGRQKLVWKELUWKGD\
 
52 HUGO J (2011) 5:1–346
123























JHQRPH JHQRW\SLQJ ZDV FDUULHG RXW XVLQJ WKH ,OOXPLQD +XPDQ TXDG DUUD\ ZZZLOOXPLQDFRP 6WDWLVWLFDO WHVWV IRU
DVVRFLDWLRQZHUHFDUULHGRXWXVLQJ3/,1.VRIWZDUHSDFNDJH,QRUGHUWRFRQWUROIRUSRSXODWLRQVWUDWLILFDWLRQZHSHUIRUPHG
(LJHQVWUDW DQDO\VLV IRU FDVHV DQG FRQWUROV UHPRYLQJ RXWOLHUV $IWHU 4& ILOWHUV   613V JHQRW\SHG LQ  FDVHV 
5XVVLDQV7DWDUV%DVKNLUVDQGFRQWUROV5XVVLDQV7DWDUV%DVKNLUVZHUHXVHGIRUWHVWLQJWKHDVVRFLDWLRQ
RI613VWRDVWKPD,QLWLDOO\ZHKDYHFDUULHGRXWDVVRFLDWLRQDQDO\VLVRIIXOOVDPSOHRIDVWKPDWLFVDQGFRQWUROV6RPHPDUNHUVRQ
FKURPRVRPH T ZLWKLQ WKH 250'/*6'0% ORFXV VKRZHG WKH PRVW VWDWLVWLFDOO\ VLJQLILFDQW DVVRFLDWLRQ LQ WKLV VWXG\
S[ 7KHPD[LPXP DVVRFLDWLRQZDV DW WKH 613 UVZLWKLQ  LQWURQ RI WKH*6'0% JHQH S [ 6L[
OLQNHG 613V UV UV UV UV UV UV ORFDWHG ZLWKLQ  NLOREDVH RI WKH
*6'0%250'/ ORFXV ZHUH VHOHFWHG IRU KDSORW\SH DQDO\VLV 7KHUH ZDV D VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ WKH KDSORW\SH
**$*77DQGDVWKPDS [7KHKDSORW\SH7$*$&&RIIHUHGDSURWHFWLYHHIIHFWDJDLQVWDVWKPDS [
7KH DVVRFLDWLRQ DQDO\VLV RI WKH 613V DW WKH FKURPRVRPH T ORFXV WDNLQJ LQWR FRQVLGHUDWLRQ HWKQLF RULJLQV RI LQGLYLGXDOV





ZDVD WHQGHQF\ WRZDUGVDVVRFLDWLRQEHWZHHQ WKH613V UV UVDQGDVWKPD7KLV VWXG\SURYLGHV IXUWKHUGDWD WR
VXSSRUWWKHLQWHUHWKQLFYDULDWLRQVRIDOOHOHIUHTXHQF\GLVWULEXWLRQVIRUSRO\PRUSKLFPDUNHUVRQFKURPRVRPHT,QVXPPDU\
ZH KDYH IRXQG WKH DVVRFLDWLRQ DVWKPD LQ WKH 9ROJD8UDO UHJLRQ RI 5XVVLD ZLWK 613V DW WKH SUHYLRXVO\ UHSRUWHG
250'/*6'0%ORFXVRQT7KLVZRUNZDVVXSSRUWHGE\DFRQWUDFWIURPWKH(XURSHDQ&RPPLVVLRQ
 
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ZHUH DQDO\]HG IRU HDFK VLJQDWXUH GHYHORSPHQW 7KHVH JHQRPH VHTXHQFHVZHUH FOXVWHUHG E\1- DOJRULWKP DQG06$ RI WKHVH
VHTXHQFHV HQDEOHG LGHQWLILFDWLRQ RI LQGLYLGXDO VLWHV 7KHVH VLWHV ZHUH VFRUHG EDVHG RQ YDULRXV VWDWLVWLFDO SDUDPHWHUV 'UXJ
DVVRFLDWHGPXWDWLRQVNQRZQDQGQRYHOZHUHDOVRLQFOXGHG7KHVLWHVZHUHGLVWULEXWHGWKURXJKRXW WKHOHQJWKRI WKHJHQRPHWR
REWDLQDQRYHUDOOSURILOH7KHVLWHVZHUHYDOLGDWHGLQVLOLFRDQGWKHUHVXOWVVKRZHGDFFXUDF\IRUFOLQLFDOVDPSOHVDQG!
DFFXUDF\ IRU GDWDEDVH VHTXHQFHV 7KH VLJQDWXUHV ZHUH DEOH WR LGHQWLI\ UHFRPELQDQWV DQG PL[HG W\SHV D PDMRU OLPLWDWLRQ LQ
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QXPEHU RI FRPPRQ GLVHDVH ULVN DOOHOHV +RZHYHU WKHUH LV D
WUHPHQGRXV GLVSDULW\ LQ WHUP RI WKH UHSUHVHQWDWLRQ RI GLIIHUHQW
HWKQLF SRSXODWLRQV LQ*:$6 HIIRUWVZLWKPRVW RI*:$ VWXGLHV
SHUIRUPHG LQ &DXFDVLDQV  7KURXJK FROODERUDWLRQ ZLWK VHYHUDO
FOLQLFDO JURXSV LQ &KLQD ZH KDYH FDUULHG RXW D VHULHV RI *:$
VWXGLHVLQWKH&KLQHVHSRSXODWLRQDQGLGHQWLILHGDQXPEHURIQRYHO
GLVHDVHVXVFHSWLELOLW\JHQHVIRUSVRULDVLV=KDQJHWDO1DWXUH
*HQHWLFV V\VWHPLF OXSXV HU\WKHPDWRVXV 6/( +DQ HW DO 
1DWXUH *HQHWLFV OHSURV\ =KDQJ HW DO  1(-0 DQG






'U /LX -LDQMXQ LV FXUUHQWO\ WKH *URXS /HDGHU DQG
$VVRFLDWH'LUHFWRURI+XPDQ*HQHWLFVDW*HQRPH,QVWLWXWH
RI 6LQJDSRUH+LVPDLQ UHVHDUFK LQWHUHVW LV WR XQGHUVWDQG
ZKLFK DQG KRZ JHQHWLF YDULDQWV LQIOXHQFH GLVHDVH
GHYHORSPHQW &XUUHQWO\ WKHUH DUH WKUHH PDLQ UHVHDUFK
SURJUDPVLQKLVODEIRFXVLQJRQEUHDVWFDQFHU3DUNLQVRQµV
GLVHDVH DQG VFKL]RSKUHQLD ,Q WKH DUHD RI EUHDVW FDQFHU
UHVHDUFK RQHRI'U/LX
V UHVHDUFK IRFXV LV WR XQGHUVWDQG
KRZ JHQHWLF YDULDWLRQ ZLWKLQ HVWURJHQUHODWHG SDWKZD\V
FDQPRGLI\VH[KRUPRQHUHODWHGULVN WREUHDVWFDQFHU'U
/LX
V ODE LV DOVR DFWLYHO\ LQYROYHG LQ JHQRPHZLGH
DVVRFLDWLRQ VWXG\ *:$6 RQ ERWK EUHDVW FDQFHU
VXVFHSWLELOLW\DQGSURJQRVLV
 
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&216$1*8,1,7< $1' 129(/ 7(&+12/2*< &5$&.,1* 7+( &2'( 2) $872620$/
5(&(66,9(',625'(56

5DUH DQG QRYHO DXWRVRPDO UHFHVVLYH GLVRUGHUV KDYH EHHQ ZLGHO\
UHSRUWHG IURP FRPPXQLWLHV ZLWK KLJK FRQVDQJXLQLW\ UDWHV




IRU $UDE *HQRPLF 6WXGLHV &$*6 LQGLFDWHV WKDW  DPRQJPRUH
WKDQ  GLVRUGHUV LQ WKH &7*$ 'DWDEDVH  IROORZ D
UHFHVVLYH PRGH RI LQKHULWDQFH 6FLHQWLILFDOO\ D FRQVLGHUDEOH
QXPEHURIJHQHVFDXVLQJDXWRVRPDOUHFHVVLYHFRQGLWLRQVKDYHEHHQ




UDSLG KLJK WKURXJKSXW JHQRPH VHTXHQFLQJ +76 DQG IRU WKH
LGHQWLILFDWLRQ RI FRS\ QXPEHU YDULDQWV E\ FRPSDUDWLYH JHQRPLF
K\EULGL]DWLRQ D&*+ RIIHU DQ XQSUHFHGHQWHG RSSRUWXQLW\ WR
LGHQWLI\ JHQRW\SHSKHQRW\SH FRUUHODWLRQV IRFXVLQJ RQ
DXWR]\JRVLW\WKHKDOOPDUNRIFRQVDQJXLQLW\7KHGLVFRYHU\RIWKH
IXQFWLRQDOJHQRPLFHOHPHQWVZLWK UHFHVVLYHSDWKRJHQLFPXWDWLRQV
LQ FRQVDQJXLQHRXV IDPLOLHVZLOO OHDG WR D EHWWHUXQGHUVWDQGLQJRI
WKH JHQHWLF PROHFXODU DQG ELRFKHPLFDO SURFHVVHV XQGHUO\LQJ D
FRQVLGHUDEOHQXPEHURIDXWRVRPDOUHFHVVLYHGLVHDVHVDQGSDYHVWKH
ZD\WRZDUGVQHZIRUPVRIGLDJQRVWLFVDQGIXWXUHWUHDWPHQW
3URIHVVRU+DQDQ+DPDP\ LV FXUUHQWO\ DIILOLDWHGZLWK WKH
'HSDUWPHQW RI *HQHWLF 0HGLFLQH DQG 'HYHORSPHQW DW
*HQHYD 8QLYHUVLW\ +RVSLWDO +HU UHVHDUFK LQWHUHVWV IRFXV
RQ FRPPXQLW\ JHQHWLFV DQG FRQVDQJXLQLW\ KHDOWK LPSDFW
6KH KDV D ORQJ H[SHULHQFH LQ JHQHWLF FRXQVHOLQJ LQ $UDE
FRXQWULHV PDLQO\ -RUGDQ DQG ,UDT ZKHUH FRQVDQJXLQLW\
UDWHV UHDFK  DQG KDV HQFRXQWHUHG PDQ\
FRQVDQJXLQHRXV IDPLOLHV KDUERULQJ UDUH RU QRW SUHYLRXVO\
UHSRUWHG DXWRVRPDO UHFHVVLYH JHQHV 6KH SDUWLFLSDWHG LQ
VHYHUDO:RUOG +HDOWK 2UJDQL]DWLRQ FRQVXOWDWLRQV DQG FR
DXWKRUHGVHYHUDO:+2SXEOLFDWLRQVRQFRPPXQLW\FRQWURO
RI JHQHWLF DQG FRQJHQLWDO GLVRUGHUV HWKLFDO LVVXHV LQ
PHGLFDO JHQHWLFV DQG SUHYHQWLRQ RI ELUWK GHIHFWV LQ
GHYHORSLQJ FRXQWULHV 6KH KDV UHFHQWO\ RUJDQL]HG DQ
LQWHUQDWLRQDO PHHWLQJ RQ &RQVDQJXLQLW\ LQ *HQHYD DQG
FUHDWHG D QHWZRUN RI FROODERUDWLRQV IRU WKH XWLOL]DWLRQ RI
FRQVDQJXLQHRXV VDPSOHV IRU WKH GLVFRYHU\ RI GLVHDVH
UHODWHGJHQHV
 
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02/(&8/$5 $1$/<6,6 2) 7+( 5$5(67 2) 7+( 5$5( $872620$/ 5(&(66,9( $/;
5(/$7(')521721$6$/'<63/$6,$6 

+RPR]\JRVLW\ PDSSLQJ ZLWKLQ FRQVDQJXLQHRXV IDPLOLHV LV D
SRZHUIXO PHWKRG RI ORFDOLVLQJ JHQHV IRU DXWRVRPDO UHFHVVLYH
GLVHDVH,WKDVDKLJKHUDGYDQWDJHRYHUFODVVLFDO OLQNDJHDSSURDFK
WRLGHQWLI\JHQHVLQIHZHUQXPEHUVRIIDPLOLHVDQGHYHQLQVLQJOH
FDVHV SHU IDPLO\ 7KHUHIRUH LW LV LPSRUWDQW WR FUHDWH VSHFLDO
UHJLVWULHVDQGVDPSOHFROOHFWLRQVWRVWXG\LQEUHGDQGHQGRJDPRXV
SRSXODWLRQV 1HZO\ UHFRJQLVHG $/;5HODWHG )URQWRQDVDO
'\VSODVLD )1' SKHQRW\SHV SURYLGH LGHDO H[DPSOHV WR
GHPRQVWUDWH KRZ 613 DUUD\ WHFKQRORJ\ DQG KRPR]\JRVLW\
LQIRUPDWLRQFRXOGHIILFLHQWO\EHXVHGWRLGHQWLI\JHQHWLFFDXVHVRI
UDUH GLVRUGHUV )URQWRQDVDO G\VSODVLD LV DQ RXWFRPH RI
GHYHORSPHQWDO IDLOXUH RI WKH IDFLDO SURPLQHQFHV )DFLDO ILQGLQJV
UDQJH IURP PLOG K\SHUWHORULVP WR VHYHUH PLGOLQH FOHIWV *HQHWLF
DVSHFWV RI )1' DUH QRW ZHOO GHILQHG 5HFHQWO\ ZH DQG RWKHUV
GHPRQVWUDWHG WKDW KRPR]\JRXV PXWDWLRQV LQ $ULVWDOHVVOLNH
KRPRER[ JHQHV $/; $/; DQG$/; FDXVH GLVWLQFWLYH )1'
SKHQRW\SHV LQ KXPDQ $P - +XP *HQHW   +XP
0RO*HQHW  $P -+XP*HQHW   
$FFRUGLQJ WR WKHVH ILQGLQJV   $/; H[SUHVVLRQ LV HVVHQWLDO QRW
RQO\IRUEXLOGLQJWKHRUDODQGQDVDOFDYLWLHVEXWDOVRIRUSURSHUH\H
GHYHORSPHQWGXULQJHDUO\HPEU\RJHQHVLV&RPSOHWH ORVVRI$/;
IXQFWLRQ FDQQRW EH FRPSHQVDWHG IRU DQG IURQWRQDVDO DQG SDODWDO
GHYHORSPHQW LV OLNHO\ WR EH GLVUXSWHG LQ HDUO\ VWDJHV RI
GHYHORSPHQW $/; DQG $/; H[SUHVVLRQ DUH UHODWHG PRUH WR
UHJXODWLQJWKHIRUPDWLRQRIWKHILQDOVKDSHRIWKHQRVH
'U$NDUVX LV DPHGLFDO JHQHWLFLVW 6KH REWDLQHG KHU0'
 DQG 3K'  IURP$QNDUD8QLYHUVLW\ 6KH LV
FXUUHQWO\ UXQQLQJ WKH 0DSSLQJ )DFLOLW\ RI +DFHWWHSH




+HDOWK &HQWHU 8&211 ZKHUH VKH LGHQWLILHG
V\QSRO\GDFW\DQGFRQJHQLWDOJODXFRPDJHQHV,QVKH
UHORFDWHGWR+DFHWWHSH8QLYHUVLW\DQGHVWDEOLVKHG WKHILUVW
PDSSLQJ IDFLOLW\ RI 7XUNH\ +HU ODERUDWRU\µV HIIRUW
UHVXOWHG LQ D QXPEHU RI VWULNLQJ VWXGLHV FRQFHUQLQJ WKH
LGHQWLILFDWLRQRIJHQHWLF ORFDOL]DWLRQVDQGRUJHQHVRI UDUH
FUDQLRIDFLDO DQG OLPE PDOIRUPDWLRQV IURQWRQDVDO
G\VSODVLDV SRO\GDFW\OLHV PXOWLSOH V\QRVWRVLV DQG RWKHU
KXPDQGLVRUGHUVPDFURSKWKDOPLDFRORERPD/LPE*LUGOH
PXVFXODU G\VWURSK\ DQG TXDGUXSHGDO ZDONLQJ LQ KXPDQ
&XUUHQWO\ VKH IRFXVHV D FRPELQHG DSSURDFK RI
KRPR]\JRVLW\ PDSSLQJ IROORZHG E\ QH[W JHQHUDWLRQ
VHTXHQFLQJ WR VWXG\ UDUH UHFHVVLYH GLVRUGHUV  6KH LV DOVR
ZRUNLQJ ZLWK ODUJH SHGLJUHHV RYHUORDGHG SV\FKRVLV
SKHQRW\SH
 
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7KH(J\SWLDQFRQWULEXWLRQ WRPHGLFLQHDQGJHQHWLFV LV MXVWO\
UHDVRQHG  $QFLHQW (J\SW JLYHV XV VRPH RI WKH HDUOLHVW
HYLGHQFHIRUERWKFRQJHQLWDODQGDFTXLUHGGLVHDVHV$OWKRXJK
ELUWK LQFLGHQFH VWXGLHV RI FRQJHQLWDO PDOIRUPDWLRQV KDYH
VKRZQWKDWWKHRYHUDOOLQFLGHQFHRIPDOIRUPDWLRQVDVDZKROH
LV VLPLODU WR RWKHU SRSXODWLRQV WKHUH LV D UHODWLYH H[FHVV RI
DXWRVRPDO UHFHVVLYH GLVRUGHUV GXH WR WKH KLJK UDWH RI
FRQVDQJXLQLW\ $PRQJ  JHQHWLF GLVRUGHUV UHSRUWHG LQ
(J\SWLDQV  ZHUH DXWRVRPDO UHFHVVLYH 7KH SUHVHQWDWLRQ
SURYLGHV D UHYLHZ RI UHSRUWHG UDUH DXWRVRPDO UHFHVVLYH
JHQHWLF GLVRUGHUV DPRQJ (J\SWLDQV ZLWK HPSKDVLV RQ WKHLU
FOLQLFDOIHDWXUHVDQGPROHFXODUEDVHV'DWDDUHFROOHFWHGIURP
DYDLODEOH VWXGLHV PRVWO\ IURP SHUVRQDO H[SHULHQFH RI WKH
VSHDNHU RYHU WKH ODVW IRUW\\HDUV 6RPHGLVRUGHUV KDYH EHHQ
LGHQWLILHG IRU WKH ILUVW WLPH LQ WKH ZRUOG E\ WKH VSHDNHU
([DPSOHV RI WKH QRYHO V\QGURPHV DUH &DUSHQWHU V\QGURPH
0,0  7HPWDP\ V\QGURPH RI PXOWLSOH FRQJHQLWDO
DQRPDO\PHQWDOUHWDUGDWLRQDJHQHVLVRIWKHFRUSXVFDOORVXP
H\H FRORERPDV VXEOX[DWLRQ RI OHQVHV IDFLDO G\VPRUSKLVP
DQGFRQQHFWLYHWLVVXHG\VSODVLD0,0WKHV\QGURPH
RI FRQJHQLWDO FDWDUDFW KLUVXWLVP DQG PHQWDO UHWDUGDWLRQ
&$+05 V\QGURPH 0,0  DQG 7HPWDP\ SUHD[LDO
EUDFK\GDFW\O\ V\QGURPH 0,0  $XWRVRPDO
UHFHVVLYH LQKHULWDQFH ZDV VXJJHVWHG RU FRQILUPHG IRU VRPH
GLVRUGHUV H[DPSOHV DUH WKH 0DUGHQ:DONHU V\QGURPH
DQGDYDULDQWRI$GDPV2OLYHUV\QGURPH
DQGDXWRVRPDO UHFHVVLYHYDULDQWVRIRVWHRJHQHVLV LPSHUIHFWD
0ROHFXODU VWXGLHV RI UDUH DXWRVRPDO UHFHVVLYH GLVRUGHUV LQ
(J\SWLDQV DOVR KHOSHG LQ WKH LGHQWLILFDWLRQ RI QHZ JHQH
PXWDWLRQV ([DPSOHV DUH )DQFRQL DQHPLD 0,0 
(OOLVYDQ&UHYHOGV\QGURPH0,0WKH0V\QGURPH
0,0DQGWKH2VWUL[JHQHPXWDWLRQLQRVWHRJHQHVLV
LPSHUIHFWD 7KH UHFHQWO\ LGHQWLILHG PROHFXODU EDVLV RI
7HPWDP\ SUHD[LDO EUDFK\GDFW\O\ V\QGURPH DQG RI &HQDQL
/HQ] V\QGURPH 0,0  ZLOO EH RXWOLQHG  ,Q
FRQFOXVLRQPROHFXODU VWXGLHVGHILQHG ORFXVKHWHURJHQHLW\RI
UDUH DXWRVRPDO UHFHVVLYH GLVRUGHUV DQG LQFUHDVHG RXU
NQRZOHGJH RIPROHFXODU SDWKZD\V %HFDXVH RI WKH UDULW\ RI
WKHVH GLVRUGHUV LQWHUQDWLRQDO QHWZRUNLQJ LV QHHGHG WR
GLVFRYHU WKH JHQHV UHVSRQVLEOH IRU RWKHU UDUH DXWRVRPDO
UHFHVVLYH GLVRUGHUV ZKLFK KDYH QRW \HW EHHQ LGHQWLILHG
&RQVLGHULQJ HWKLFDO UHJXODWLRQV GDWD EDVH UHJLVWULHV EDFNHG
XSZLWK'1$EDQNVVKRXOGEHHQFRXUDJHG7UDQVIHURIUHFHQW
PROHFXODU WHFKQRORJLHVDWD UHDVRQDEOHFRVW LVQHHGHG IURP
WKHDGYDQFHG WR WKHGHYHORSLQJZRUOGVFLHQWLVWV/DUJHVFDOH
IXQFWLRQDO JHQRPLF VWXGLHV ZLOO SHUPLW JHQRW\SHSKHQRW\SH
FRUUHODWLRQV 7KH UHVXOWV ZLOO DOVR DOORZ EHWWHU JHQHWLF
FRXQVHOLQJ FDUULHU GHWHFWLRQ SUHQDWDO DQG SUHLPSODQWDWLRQ





*UDGXDWHG IURP )DFXOW\ RI 0HGLFLQH &DLUR 8QLYHUVLW\
'HFHPEHU  '&+  3K' +XPDQ *HQHWLFV
-RKQV +RSNLQV 8QLYHUVLW\ %DOWLPRUH 0DU\ODQG 86$
)HEUXDU\ZDVWKHILUVWIURP(J\SW0LGGOH(DVW$UDE
:RUOG DQG $IULFD WR REWDLQ WKLV GHJUHH  )RXQGHU RI
'HSDUWPHQWRI+XPDQ*HQHWLFV ODWHU WKH'LYLVLRQRI
+XPDQ*HQHWLFV DQG*HQRPH5HVHDUFK LQ +DVPRUH
WKDQSHHUUHYLHZHGDUWLFOHV&RDXWKRURIWKH%RRN7KH




LQ ERRNV WKH PRVW UHFHQW *HQHWLF 'LVRUGHUV DPRQJ $UDE
3RSXODWLRQV (GLWRU $KPHG 6 7HHEL 6SULQJHU 
'LVFRYHUHGQHZJHQHWLFV\QGURPHVZKLFKZHUHDGGHGWRWKH
PHGLFDO OLWHUDWXUH  0HPEHU RI WKH (GLWRULDO ERDUG RI WKH
(XURSHDQ-RXUQDORI+XPDQ*HQHWLFVDQGWKH:RUOG-RXUQDO
RI0HGLFDO*HQHWLFV&ROODERUDWRUZLWK(J\SWLDQ0LQLVWU\RI
+HDOWKDQG3RSXODWLRQ IRU LQWURGXFLQJ+XPDQ*HQHWLFV DV D
SUDFWLFH  DQG LQ LQLWLDWLQJ  QHZERUQ VFUHHQLQJ IRU LQERUQ
HUURUVRIPHWDEROLVP LQ(J\SWLDQQHZERUQV 2UJDQL]HGDQG
SDUWLFLSDWHG DV DQ LQYLWHG VSHDNHU DQG JDYH LQDXJXUDWLRQ
OHFWXUHVLQQXPHURXV,QWHUQDWLRQDODQG1DWLRQDO&RQIHUHQFHV
3UHVLGHQWRI WKH1DWLRQDO6RFLHW\RI+XPDQ*HQHWLFV(J\SW
PHPEHU RI ,)+*6 :LQQHU RI QXPHURXV VFLHQWLILF DZDUGV
$ZDUG RI 6FLHQWLILF 'LVWLQFWLRQ LQ 0HGLFDO 3KDUPDFHXWLFDO
DQG(QYLURQPHQWDO6FLHQFHVLQWKH1DWLRQDO5HVHDUFK&HQWUH
$ZDUG RI 6FLHQWLILF $SSUHFLDWLRQ 1DWLRQDO 5HVHDUFK
&HQWUH  +LJKHVW 6WDWH 3UL]H RI 0HULW LQ 0HGLFDO
6FLHQFHV
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LQGHSHQGHQW IRFXV RI GRPHVWLFDWLRQ RI OLYH VWRFN'1$ VDPSOHVZHUH H[WUDFWHG IURP VDOLYD RU EORRG RI 2PDQL DQG 
<HPHQL LQGLYLGXDOV7KH2PDQLSRSXODWLRQVDPSOHZDVGLYLGHG LQWR WKUHHHWKQLFJURXSV$UDEVRI1RUWKHUQ2PDQ2PDQLRI




RI $VLDQ 2ULJLQ ,Q FRQWUDVW WKH DOOHOH IUHTXHQF\ RI 7ZDV H[WUHPHO\ ORZ LQ 2PDQL $UDEV  HVSHFLDOO\ 'KRIDULV
ZKLOHLWZDVDPRQJ2PDQLVRI$VLDQ2ULJLQ,WZDVDOVRYHU\ORZDPRQJ<HPHQLV8VLQJGDWDIURPVHYHUDO
UHFHQW SXEOLFDWLRQV DQG GDWD IURP2PDQ DQG<HPHQ WKH GLVWULEXWLRQ RI WKH* YDULDQWZDV SORWWHG DFURVV WKH$UDELDQ
3HQLQVXODDQGQHLJKERULQJUHJLRQV$QLQWHUSRODWLRQPDSZDVGUDZQXVLQJʊ6SDWLDO$QDO\VW([WHQsion” RI$UF9LHZYHUVLRQ
7KHPDS VKRZV WKDW WKH KLJKHVW IUHTXHQF\ IRFXV LV LQ'KRIDU5DGLDWLQJ IURP'KRIDU IUHTXHQFLHV GHFUHDVH LQ DOO GLUHFWLRQV
JLYLQJ HYLGHQFH RI FOLQLFDO GLVWULEXWLRQ ,Q FRQFOXVLRQ WKH GDWD VXJJHVW WKDW WKH RULJLQ RI WKH $UDEVSHFLILF * ODFWDVH
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'HSDUWPHQW RI%LRFKHPLVWU\8QLYHUVLGDGH)HGHUDO GH0LQDV*HUDLV $Y $IRQVR3HQD %HOR+RUL]RQWH0*%UD]LO
/HHGV,QVWLWXWHRI0ROHFXODU0HGLFLQH8QLYHUVLW\RI/HHGV8.VSHQD#GFFXIPJEU

$ VLJQLILFDQW SURSRUWLRQ RI WKH FDVH ORDG RI JHQHWLF FRXQVHOLQJ LQYROYHV FRQVDQJXLQHRXV FRXSOHV WKHLU SUHJQDQFLHV DQG WKHLU
RIIVSULQJ3DUDGR[LFDOO\WKLVLVDQDUHDLQZKLFKWKHʊQHZgenomics”KDVQRW\HWSOD\HGDVLJQLILFDQWLQIRUPDWLRQDOUROH&OLQLFDO




GLVSOD\HG LQ WKH FKURPRVRPHV ,Q DGGLWLRQ WKH VRIWZDUH FDQFRPSDUH WKH VHJPHQWVRI ,%'EHWZHHQ WZR LQGLYLGXDOVZLWK WKH
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DUHDZLWK VLJQLILFDQW LPSDFW LQ KHDOWK WKH HQYLURQPHQW LQGXVWU\
DQG RWKHU GRPDLQV RI PRGHUQ OLIH 7KLV KDV FRQWULEXWHG WR WKH
GHYHORSPHQW RI QHZ LQWHUGLVFLSOLQDU\ UHVHDUFK DUHDV VXFK DV
ELRLQIRUPDWLFV V\QWKHWLF ELRORJ\ QDQRELRORJ\ FRPSXWDWLRQDO
ELRORJ\ELRPDWHULDOVDQGV\VWHPVELRORJ\DPRQJRWKHUV$VZLWK
DOO WUDQVIRUPDWLYHWHFKQRORJLHVH[SDQVLYHHFRQRPLFRSSRUWXQLWLHV
ZLOO DULVH IURP WKHLU DSSOLFDWLRQ 7KHVH QHZ ILHOGV VKDUH
FRQYHUJHQFHDFRPSDUDEOHDQGXQGHUO\LQJ UHVHDUFKPRGHOZKLFK
EULQJV WRJHWKHU HQJLQHHULQJ DQG WKH SK\VLFDO DQG OLIH VFLHQFHV
SURYLGLQJ D QHZ SDUDGLJP WKDW FDQ \LHOG FULWLFDO DGYDQFHV LQ D
EURDGDUUD\RIVHFWRUV:HEHOLHYHWKDWWKHVHHPHUJLQJGLVFLSOLQHV
ZKHUHJHQRPLFVSOD\VDPD\RUUROHZLOOKDYHDQLPSRUWDQWLPSDFW
LQ WKHZRUOGµV IXWXUH 7KDW UROH LV HYHQPRUH LPSRUWDQW WRGD\ DV
FRXQWULHV HPHUJH IURP WKH UHFHQW HFRQRPLF FULVLV DQG VHHN WR
EXLOG VXVWDLQDEOH HFRQRPLHV JHDUHG WRZDUG PHHWLQJ JOREDO
FKDOOHQJHV LQ SURYLGLQJ LQQRYDWLYH KHDOWKFDUH D FOHDQHU
HQYLURQPHQW DQG DQ DEXQGDQW IRRG VXSSO\ IRU D JURZLQJ
SRSXODWLRQ 7KLV VXPPLW ZLOO H[DPLQH KRZ WKH DGYDQFHPHQW RI
JHQRPLFUHODWHG WHFKQRORJLHV FDQ FRQWULEXWH WR D VXVWDLQDEOH
HFRQRPLFGHYHORSPHQWLQWKHFRQWH[WRIWKHELRHFRQRP\DQGZLOO
SRLQW RXW VRPH FKDOOHQJHV WKDW QHHG WR EH DGGUHVVHG WR DFKLHYH
VXFKJRDOV7KHQDWXUHRI WKHVHQHZ WHFKQRORJLHV LV VXFK WKDW DOO
QDWLRQV LQ WKH GHYHORSHG DQG WKH GHYHORSLQJZRUOGPD\ EHQHILW
IURPWKLVVFLHQWLILFWUHQG
'U *HUDUGR -LPHQH]6DQFKH] ZDV ERUQ LQ 0H[LFR &LW\
+H LV KDV DQ0'ZLWK D 3K' LQ+XPDQ*HQHWLFV DQG
0ROHFXODU%LRORJ\IURPWKH-RKQV+RSNLQV8QLYHUVLW\+H
UHFHLYHG KLV WUDLQLQJ LQ EXVLQHVV DGPLQLVWUDWLRQ IURP WKH
,3$'(%XVLQHVV6FKRRO+HLVDFHUWLILHG3HGLDWULFLDQDQG
D PHPEHU RI WKH 1DWLRQDO $FDGHP\ RI 0HGLFLQH WKH
$PHULFDQ 6RFLHW\ RI +XPDQ *HQHWLFV WKH $PHULFDQ
6RFLHW\ RI *HQH 7KHUDS\ WKH 6RFLHW\ IRU ,QKHULWHG
0HWDEROLF'LVHDVHWKH(XURSHDQ6RFLHW\RI,QERUQ(UURUV
RI 0HWDEROLVP +H ZDV IRXQGHU 'LUHFWRU *HQHUDO RI WKH
1DWLRQDO ,QVWLWXWH RI *HQRPLF 0HGLFLQH LQ 0H[LFR DQG
&KDLUPDQ RI WKH:RUNLQJ 3DUW\ RQ %LRWHFKQRORJ\ DW WKH
2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW
2(&' LQ 3DULV +H LV WKH OHDGLQJ LQYHVWLJDWRU LQ WKH
0H[LFDQ *HQRPLF 'LYHUVLW\ 3URMHFW DQG WKH 0H[LFDQ
0HGLFDO5HVHTXHQFLQJ ,QLWLDWLYH'U -LPHQH]6DQFKH] LV
&KLHI 6FLHQWLILF 2IILFHU RI %LR)LHOGV 3URIHVVRU RI
*HQRPLF0HGLFLQHDWWKH1DWLRQDO$XWRQRPRXV8QLYHUVLW\
RI0H[LFR DQG WHDFKHV %XVLQHVV LQ /LIH 6FLHQFHV DW WKH
,3$'(%XVLQHVV6FKRRO+HZDV3UHVLGHQWRIWKHILUVWDQG
VHFRQG 1DWLRQDO &RQJUHVVHV RI *HQRPLF 0HGLFLQH LQ
0H[LFR DQG VHUYHV DV &RXQFLO PHPEHU RI WKH +XPDQ
*HQRPH2UJDQLVDWLRQ+8*2DVZHOODVRQWKH%RDUGRI
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DUHDZLWK VLJQLILFDQW LPSDFW LQ KHDOWK WKH HQYLURQPHQW LQGXVWU\
DQG RWKHU GRPDLQV RI PRGHUQ OLIH 7KLV KDV FRQWULEXWHG WR WKH
GHYHORSPHQW RI QHZ LQWHUGLVFLSOLQDU\ UHVHDUFK DUHDV VXFK DV
ELRLQIRUPDWLFV V\QWKHWLF ELRORJ\ QDQRELRORJ\ FRPSXWDWLRQDO
ELRORJ\ELRPDWHULDOVDQGV\VWHPVELRORJ\DPRQJRWKHUV$VZLWK
DOO WUDQVIRUPDWLYHWHFKQRORJLHVH[SDQVLYHHFRQRPLFRSSRUWXQLWLHV
ZLOO DULVH IURP WKHLU DSSOLFDWLRQ 7KHVH QHZ ILHOGV VKDUH
FRQYHUJHQFHDFRPSDUDEOHDQGXQGHUO\LQJ UHVHDUFKPRGHOZKLFK
EULQJV WRJHWKHU HQJLQHHULQJ DQG WKH SK\VLFDO DQG OLIH VFLHQFHV
SURYLGLQJ D QHZ SDUDGLJP WKDW FDQ \LHOG FULWLFDO DGYDQFHV LQ D
EURDGDUUD\RIVHFWRUV:HEHOLHYHWKDWWKHVHHPHUJLQJGLVFLSOLQHV
ZKHUHJHQRPLFVSOD\VDPDMRUUROHZLOOKDYHDQLPSRUWDQWLPSDFW
LQ WKHZRUOGµV IXWXUH 7KDW UROH LV HYHQPRUH LPSRUWDQW WRGD\ DV
FRXQWULHV HPHUJH IURP WKH UHFHQW HFRQRPLF FULVLV DQG VHHN WR
EXLOG VXVWDLQDEOH HFRQRPLHV JHDUHG WRZDUG PHHWLQJ JOREDO
FKDOOHQJHV LQ SURYLGLQJ LQQRYDWLYH KHDOWKFDUH D FOHDQHU
HQYLURQPHQW DQG DQ DEXQGDQW IRRG VXSSO\ IRU D JURZLQJ
SRSXODWLRQ 7KLV VXPPLW ZLOO H[DPLQH KRZ WKH DGYDQFHPHQW RI
JHQRPLFUHODWHG WHFKQRORJLHV FDQ FRQWULEXWH WR D VXVWDLQDEOH
HFRQRPLFGHYHORSPHQWLQWKHFRQWH[WRIWKHELRHFRQRP\DQGZLOO
SRLQW RXW VRPH FKDOOHQJHV WKDW QHHG WR EH DGGUHVVHG WR DFKLHYH
VXFKJRDOV7KHQDWXUHRI WKHVHQHZ WHFKQRORJLHV LV VXFK WKDW DOO
QDWLRQV LQ WKH GHYHORSHG DQG WKH GHYHORSLQJZRUOGPD\ EHQHILW
IURPWKLVVFLHQWLILFWUHQG
,DLQ *LOOHVSLH LV +HDG RI WKH 2UJDQLVDWLRQ IRU (FRQRPLF
&RRSHUDWLRQ DQG 'HYHORSPHQWµV 2(&' 6FLHQFH DQG
7HFKQRORJ\3ROLF\'LYLVLRQ7KH'LYLVLRQZRUNVZLWKWKH
 2(&' PHPEHU FRXQWULHV DV ZHOO DV VRPH  QRQ
PHPEHUV WR GHYHORS LQWHUQDWLRQDO FRQVHQVXV RQ D ZLGH
UDQJH RI VFLHQWLILF DQG WHFKQRORJLFDO SROLF\ LVVXHV
LQFOXGLQJ WKRVH UHODWHG WR HPHUJLQJ WHFKQRORJLHV VXFK DV
QDQRWHFKQRORJ\ DQG ELRWHFKQRORJ\ 7KH 'LYLVLRQ LV DOVR
UHVSRQVLEOH IRU 2(&'µV ZRUN RQ LQQRYDWLRQ SROLF\ DQG
FRQFRPLWDQWFRXQWU\VWXGLHV ,DLQZDVSUHYLRXVO\+HDGRI
WKH2(&'µV%LRWHFKQRORJ\'LYLVLRQ IURP LWV FUHDWLRQ LQ
 WR LWV LQFRUSRUDWLRQ LQ WKH FXUUHQW 6FLHQFH DQG





RI 7UDGH DQG ,QGXVWU\ DV ZHOO DV LQ WKH &DELQHW 2IILFH
ZKHUH KH UDQ D VPDOO SROLF\ XQLW LQ VXSSRUW RI WKH8.µV
&KLHI 6FLHQWLILF$GYLVRU WKH QRZ/RUG0D\ GHYHORSLQJ
DGYLFH RQ LVVXHV DV GLYHUVH DV FOLPDWH FKDQJH KXPDQ
FORQLQJ WKHXVHRIVFLHQWLILFDGYLFH LQSROLF\PDNLQJDQG
ULVN -XVW EHIRUH MRLQLQJ 2(&' ,DLQ UDQ WKH KLJKO\
VXFFHVVIXO 3KDUPDFHXWLFDO ,QGXVWU\&RPSHWLWLYHQHVV 7DVN
)RUFH3,&7)UHSRUWLQJWRWKH8.3ULPH0LQLVWHU,DLQLV
DVFLHQWLVWE\WUDLQLQJZLWKD3K'LQ0LFURELRORJ\+HDOVR
KROGV DQ 0$ LQ ,QWHUQDWLRQDO 5HODWLRQV DQG (XURSHDQ
3ROLWLFV DQG DQ 0%$ ZLWK VSHFLDOLVPV LQ NQRZOHGJH
PDQDJHPHQW DQG LQQRYDWLRQ +H ZDV HGXFDWHG DW WKH
8QLYHUVLWLHV RI (GLQEXUJK /RQGRQ DQG .HQW DW
&DQWHUEXU\DVZHOODVWKH2SHQ8QLYHUVLW\LQWKH8.DQG
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DUHDZLWK VLJQLILFDQW LPSDFW LQ KHDOWK WKH HQYLURQPHQW LQGXVWU\
DQG RWKHU GRPDLQV RI PRGHUQ OLIH 7KLV KDV FRQWULEXWHG WR WKH
GHYHORSPHQW RI QHZ LQWHUGLVFLSOLQDU\ UHVHDUFK DUHDV VXFK DV
ELRLQIRUPDWLFV V\QWKHWLF ELRORJ\ QDQRELRORJ\ FRPSXWDWLRQDO
ELRORJ\ELRPDWHULDOVDQGV\VWHPVELRORJ\DPRQJRWKHUV$VZLWK
DOO WUDQVIRUPDWLYHWHFKQRORJLHVH[SDQVLYHHFRQRPLFRSSRUWXQLWLHV
ZLOO DULVH IURP WKHLU DSSOLFDWLRQ 7KHVH QHZ ILHOGV VKDUH
FRQYHUJHQFHDFRPSDUDEOHDQGXQGHUO\LQJ UHVHDUFKPRGHOZKLFK
EULQJV WRJHWKHU HQJLQHHULQJ DQG WKH SK\VLFDO DQG OLIH VFLHQFHV
SURYLGLQJ D QHZ SDUDGLJP WKDW FDQ \LHOG FULWLFDO DGYDQFHV LQ D
EURDGDUUD\RIVHFWRUV:HEHOLHYHWKDWWKHVHHPHUJLQJGLVFLSOLQHV
ZKHUHJHQRPLFVSOD\VDPD\RUUROHZLOOKDYHDQLPSRUWDQWLPSDFW
LQ WKHZRUOGµV IXWXUH 7KDW UROH LV HYHQPRUH LPSRUWDQW WRGD\ DV
FRXQWULHV HPHUJH IURP WKH UHFHQW HFRQRPLF FULVLV DQG VHHN WR
EXLOG VXVWDLQDEOH HFRQRPLHV JHDUHG WRZDUG PHHWLQJ JOREDO
FKDOOHQJHV LQ SURYLGLQJ LQQRYDWLYH KHDOWKFDUH D FOHDQHU
HQYLURQPHQW DQG DQ DEXQGDQW IRRG VXSSO\ IRU D JURZLQJ
SRSXODWLRQ 7KLV VXPPLW ZLOO H[DPLQH KRZ WKH DGYDQFHPHQW RI
JHQRPLFUHODWHG WHFKQRORJLHV FDQ FRQWULEXWH WR D VXVWDLQDEOH
HFRQRPLFGHYHORSPHQWLQWKHFRQWH[WRIWKHELRHFRQRP\DQGZLOO
SRLQW RXW VRPH FKDOOHQJHV WKDW QHHG WR EH DGGUHVVHG WR DFKLHYH
VXFKJRDOV7KHQDWXUHRI WKHVHQHZ WHFKQRORJLHV LV VXFK WKDW DOO
QDWLRQV LQ WKH GHYHORSHG DQG WKH GHYHORSLQJZRUOGPD\ EHQHILW
IURPWKLVVFLHQWLILFWUHQG
'U /LX LV WKH ([HFXWLYH 'LUHFWRU *HQRPH ,QVWLWXWH RI
6LQJDSRUH $JHQF\ IRU 6FLHQFH 7HFKQRORJ\ DQG
5HVHDUFKDQG3URIHVVRURI0HGLFLQH1DWLRQDO8QLYHUVLW\
RI6LQJDSRUH+HUHFHLYHGKLVGHJUHHV%6DQG0'DW
6WDQIRUG 8QLYHUVLW\ IXUWKHU RQFRORJ\ DQG PROHFXODU
ELRORJ\WUDLQLQJDW6WDQIRUGDQGDW8&6)3ULRUWRVWDUWLQJ
WKH*,6LQ'U/LXZDVWKH6FLHQWLILF'LUHFWRUIRUWKH
'LYLVLRQ RI &OLQLFDO 6FLHQFHV 1DWLRQDO &DQFHU ,QVWLWXWH
86$ 'U /LXµV VFLHQWLILF UHVHDUFK KDV IRFXVHG RQ WKH
IXQFWLRQDOJHQRPLFVRIKXPDQFDQFHUVSDUWLFXODUO\EUHDVW
FDQFHULQYHVWLJDWLQJWKHG\QDPLFVRIJHQHUHJXODWLRQRQD
JHQRPH VFDOH WKDW PRGXODWHV FDQFHU ELRORJ\ +H KDV
DXWKRUHGRYHUVFLHQWLILFSDSHUVUHYLHZVDQGERRNV+H
LV WKHUHFLSLHQWRIDQXPEHURIDZDUGV/HXNHPLD6RFLHW\
6FKRODU  0HPEHU WKH $PHULFDQ 6RFLHW\ RI
&OLQLFDO ,QYHVWLJDWLRQV HOHFWHG  WKH %ULQNHU
,QWHUQDWLRQDO $ZDUG IRU EDVLF VFLHQFH UHVHDUFK LQ %UHDVW
&DQFHU  WKH 5RVHQWKDO $ZDUG IURP WKH $PHULFDQ
$VVRFLDWLRQ IRU &DQFHU 5HVHDUFK  WKH 3UHVLGHQWµV
3XEOLF 6HUYLFH 0HGDO IRU KHOSLQJ 6LQJDSRUH UHVROYH WKH
6$56 FULVLV DQG D'RFWRU RI0HGLFLQH 6FLHQFHVKRQRULV
FDXVD4XHHQµV 8QLYHUVLW\ %HOIDVW  +H ZDV HOHFWHG
DVD)RUHLJQ$VVRFLDWH0HPEHURIWKH(XURSHDQ0ROHFXODU
%LRORJ\ 2UJDQL]DWLRQ (0%2  DQG VHUYLQJ KLV
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SODQHWV ELRGLYHUVLW\ DQG OLPLWLQJ WKH GLVDSSHDUDQFH RI H[LVWLQJ
VSHFLHVRI IORUD DQG IDXQD LLL HQVXULQJKHDOWK\HQYLURQPHQWVRQ
ODQGDQGLQRFHDQVIRUWKHSURGXFWLRQRIFURSVOLYHVWRFNDQGZLOG
DQG IDUPHG ILVK IRU KXPDQ FRQVXPSWLRQ LY WKH UHPHGLDWLRQ RI
LQGXVWULDO VLWHV VXFK DV PLQHV XVHG PLOLWDU\ VLWHV IRVVLO IXHO
H[WUDFWLRQVLWHVHWFYXQGHUVWDQGLQJDQGKDUQHVVLQJWKHSRZHURI
PLFURELDO FRPPXQLWLHV WRGHWR[LFLI\ VSLOOVRI WR[LF VXEVWDQFHVRQ
ODQGLQRFHDQVDQG LQIUHVKZDWHU UHVHUYRLUVYL LVVXHVUHJDUGLQJ
KRZZH DV D SRSXODWLRQ DGDSW EHVW WR WKH DFFHOHUDWLRQ LQ FOLPDWH
FKDQJH 7KH ILHOG RI WKH JHQRPH VFLHQFHV ZKLFK KDV EORVVRPHG
RYHU WKH SDVW GHFDGH IROORZLQJ WKH VXFFHVVIXO FRPSOHWLRQ RI WKH
+XPDQ*HQRPH3URMHFWFDQSURYLGHDQLPSUHVVLYHDUUD\RIWRROV
WKDW FDQ EH XVHG WR PRQLWRU WKH VWDWH RI SOD\ LQ PDQ\ RI WKH
VLWXDWLRQV GHVFULEHG DERYH DQG WR SURYLGH SROLF\ PDNHUV
UHJXODWRUVPDQDJHUVRIHQYLURQPHQWDOO\IUDJLOHDVVHWVDQGRZQHUV
RIHFRQRPLFDOO\YLDEOHFRQFHUQVHYLGHQFHRQZKLFKWREDVHVRXQG
GHFLVLRQ PDNLQJ 6SHFLILF H[DPSOHV WDNHQ IURP RXU &DQDGLDQ
SRUWIROLRZLOO EH XVHG WR LOOXVWUDWH WKLV SRWHQWLDOZKLFK LQ FHUWDLQ
VSKHUHVLVDOUHDG\EHFRPLQJUHDOLW\
'U 3LHUUH0HXOLHQ ZDV DSSRLQWHG 3UHVLGHQW DQG &(2 RI
*HQRPH &DQDGD RQ 2FWREHU   3ULRU WR WKLV
DSSRLQWPHQW KH VHUYHG DV &KLHI 6FLHQWLILF 2IILFHU IRU
*HQRPH%ULWLVK&ROXPELDIURPWR)URP
WR 'U0HXOLHQ VHUYHG DV WKH IRXQGLQJ&(2RI WKH
'XEOLQ 0ROHFXODU 0HGLFLQH &HQWUH QRZ 0ROHFXODU
0HGLFLQH ,UHODQGZKLFK OLQNHG WKH WKUHHPHGLFDO VFKRROV
DQGVL[WHDFKLQJKRVSLWDOVLQ'XEOLQWREXLOGDFULWLFDOPDVV
LQ PROHFXODU PHGLFLQH DQG WUDQVODWLRQDO UHVHDUFK 7KH
&HQWUHPDQDJHGWKH(XUR0LOOLRQʊ3URJUDPIRU+XPDQ




PDQDJHG H[SHUW UHVHDUFK WHDPV ZLWK D QXPEHU RI
RUJDQL]DWLRQV LQFOXGLQJ $YHQWLV 3DVWHXU LQ 7RURQWR
6HQLRU 9LFH 3UHVLGHQW RI 5	' DQG LQ /\RQ )UDQFH
'LUHFWRURI5HVHDUFK+HDOVRVSHQWVHYHQ\HDUVZLWKWKH
)UHQFK ELRWHFKQRORJ\ FRPSDQ\ 7UDQVJHQH LQ 6WUDVERXUJ
)UDQFHDVDUHVHDUFKVFLHQWLVWDQGSDUWRI WKHPDQDJHPHQW
WHDP 'U0HXOLHQµV DFDGHPLF FUHGHQWLDOV LQFOXGH D 3K'
IURP WKH 8QLYHUVLW\ RI (GLQEXUJK DQG D SRVWGRFWRUDO
DSSRLQWPHQWDWWKH,QVWLWXW3DVWHXULQ3DULV
 
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*HQRPLF VFLHQFHV KDYH HPHUJHG LQ WKH ODVW GHFDGH DV D
SURPLVLQJ DUHD ZLWK VLJQLILFDQW LPSDFW LQ KHDOWK WKH
HQYLURQPHQW LQGXVWU\ DQG RWKHU GRPDLQV RI PRGHUQ OLIH
7KLV KDV FRQWULEXWHG WR WKH GHYHORSPHQW RI QHZ
LQWHUGLVFLSOLQDU\ UHVHDUFK DUHDV VXFK DV ELRLQIRUPDWLFV
V\QWKHWLF ELRORJ\ QDQRELRORJ\ FRPSXWDWLRQDO ELRORJ\
ELRPDWHULDOVDQGV\VWHPVELRORJ\DPRQJRWKHUV$VZLWKDOO
WUDQVIRUPDWLYH WHFKQRORJLHV H[SDQVLYH HFRQRPLF
RSSRUWXQLWLHV ZLOO DULVH IURP WKHLU DSSOLFDWLRQ 7KHVH QHZ
ILHOGV VKDUH FRQYHUJHQFH D FRPSDUDEOH DQG XQGHUO\LQJ
UHVHDUFK PRGHO ZKLFK EULQJV WRJHWKHU HQJLQHHULQJ DQG WKH
SK\VLFDODQGOLIHVFLHQFHVSURYLGLQJDQHZSDUDGLJPWKDWFDQ
\LHOGFULWLFDODGYDQFHVLQDEURDGDUUD\RIVHFWRUV:HEHOLHYH
WKDW WKHVH HPHUJLQJ GLVFLSOLQHV ZKHUH JHQRPLFV SOD\V D
PD\RU UROH ZLOO KDYH DQ LPSRUWDQW LPSDFW LQ WKH ZRUOGµV
IXWXUH 7KDW UROH LV HYHQPRUH LPSRUWDQW WRGD\ DV FRXQWULHV
HPHUJH IURP WKH UHFHQW HFRQRPLF FULVLV DQG VHHN WR EXLOG
VXVWDLQDEOH HFRQRPLHV JHDUHG WRZDUG PHHWLQJ JOREDO
FKDOOHQJHV LQ SURYLGLQJ LQQRYDWLYH KHDOWKFDUH D FOHDQHU
HQYLURQPHQW DQG DQ DEXQGDQW IRRG VXSSO\ IRU D JURZLQJ
SRSXODWLRQ7KLVVXPPLWZLOOH[DPLQHKRZWKHDGYDQFHPHQW
RI JHQRPLFUHODWHG WHFKQRORJLHV FDQ FRQWULEXWH WR D
VXVWDLQDEOHHFRQRPLFGHYHORSPHQW LQ WKHFRQWH[WRI WKHELR
HFRQRP\DQGZLOOSRLQWRXWVRPHFKDOOHQJHVWKDWQHHGWREH






'U 6DPLU . %UDKPDFKDUL FRPSOHWHG D 3K' LQ0ROHFXODU
%LRSK\VLFVDQGVSHFLDOL]HVLQ6WUXFWXUDO%LRORJ\DQG*HQRPH
$QDO\VLV +H LV SUHVHQWO\ WKH 'LUHFWRU RI ,QVWLWXWH RI
*HQRPLFV 	 ,QWHJUDWLYH %LRORJ\ ,*,% 'HOKL XQGHU WKH
&RXQFLO RI 6FLHQWLILF DQG ,QGXVWULDO 5HVHDUFK ,QGLD (DUOLHU
KH ZDV D 3URIHVVRU RI 0ROHFXODU %LRSK\VLFV DQG JHQHWLF
(QJLQHHULQJ DW ,QGLDQ ,QVWLWXWH RI 6FLHQFH %DQJDORUH
,QVWLWXWH RI 6FLHQFH %DQJDORUH 3URIHVVRU %UDKPDFKDUL KDV
UHFHLYHGPDQ\SUHVWLJLRXV1DWLRQDODQG,QWHUQDWLRQDO$ZDUGV
IRU KLV FRQWULEXWLRQV LQ 6FLHQFH +H LV D )HOORZ RI ,QGLDQ
1DWLRQDO6FLHQFH$FDGHP\DQG ,QGLDQ$FDGHP\RI6FLHQFH
+H ZDV HOHFWHG D PHPEHU RI WKH +XPDQ *HQRPH
2UJDQLVDWLRQ  DQG WR WKH +8*2 &RXQFLO LQ 
PHPEHU RI YDULRXV &RPPLWWHHV *RYW RI ,QGLD PHPEHU
H[SHUW JURXS RQ +XPDQ 5LJKWV DQG %LRWHFKQRORJ\ 8QLWHG
1DWLRQVDQGPHPEHURIYDULRXV,QWHUQDWLRQDO&RPPLWWHHV+H
KDV DOVR EHHQ LQYROYHG LQ LVVXHV UHODWLQJ WR *HQRPLFV
UHVHDUFK HWKLFV DQG +XPDQ 5LJKWV $V D PHPEHU RI WKH
VWHHULQJ FRPPLWWHH RI WKH ,QWHUQDWLRQDO +XPDQ 5LJKWV
&RPPLVVLRQKHKDVFRQWULEXWHGWRWKHIRUPXODWLRQRIWKHGUDIW
JXLGHOLQHVLQWHUPVRIEHQHILWVKDULQJE\WKHSRSXODWLRQVWKDW
DUH WKHSDUWRI WKH UHVHDUFKHQGHDYRUDV UHVRXUFHVRIJHQHWLF
PDWHULDO DQG DGGUHVVHG LVVXHV RI XQHWKLFDO H[SORLWDWLRQ RI
JHQHWLF UHVRXUFHV RI WKH 7KLUG ZRUOG +H KDV FRQWULEXWHG
VLJQLILFDQWO\ LQ SURPRWLQJ LQGXVWU\DFDGHPLD LQWHUDFWLRQV
WKURXJK QRYHO SURJUDP RI NQRZOHGJH SDUWQHUVKLSV DQG +H
KHDGV WKH )XQFWLRQDO *HQRPLFV 8QLW DW ,*,% +H KDV
GHPRQVWUDWHGWKHVWUXFWXUDOIOH[LELOLW\RI'1$DQGWKHUROHRI
UHSHWLWLYH VHTXHQFHV LQ '1$ WUDQVDFWLRQV PXFK EHIRUH WKH
GLVFRYHU\ RI UHSHDWV DVVRFLDWLRQ ZLWK JHQHWLF GLVRUGHUV +LV
ZRUN RQ WKH VWUXFWXUDO IOH[LELOLW\ RI WHORPHULF UHSHDW
VHTXHQFHVLVRQHRIWKHZHOOFLWHGFRQWULEXWLRQ+HKDVPDGH
PDMRUFRQWULEXWLRQLQPROHFXODUDQDO\VLVRIJHQHWLFGLVRUGHUV
DVVRFLDWHG ZLWK WULQXFOHRWLGH DPSOLILFDWLRQ DQG UHSHWLWLYH
VHTXHQFH LQVWDELOLW\ 8VLQJ D FRPELQDWLRQ RI VWUXFWXUDO
ELRORJ\ FRPSXWDWLRQDO JHQRPLFV DQG SRSXODWLRQ EDVHG
SRO\PRUSKLVP VFDQQLQJ KH DQG KLV JURXS KDYH SURYLGHG D
QRYHOVWUXFWXUDOIUDPHZRUNIRUXQGHUVWDQGLQJWKHHWLRORJ\RI
VHYHUDOQHXURORJLFDOGLVRUGHUV2QHRIWKHRXWFRPHVRI WKHVH
HIIRUWV KDV EHHQ WKH GHPRQVWUDWLRQ WKDW ORVV RI WULSOHW UHSHDW




DQG ELSRODU GLVRUGHU SDWLHQWV LQ WKH ,QGLDQ SRSXODWLRQ DQG
KDYH IRU WKH ILUVW WLPH LGHQWLILHG D QRQVHQVH PXWDWLRQ LQ
V\QDSWRJ\ULQ,JHQHDFRPSRQHQWIRUSUHV\QDSWLFSDWKZD\LQ
VFKL]RSKUHQLD SDWLHQWV +LV JURXS KDV GHYHORSHG QRYHO LQ
6LOLFRELRLQIRUPDWLFVWRROVWR LGHQWLI\IXQFWLRQDOVLJQDWXUHRI
K\SRWKHWLFDO SURWHLQV DQG QRYHO GUXJ WDUJHWV )RU IXUWKHU
GHWDLOVYLVLWKWWSZZZLJLEUHVLQ
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WR ERWK VSHFLILF RYHUHVWLPDWHV RI WKH SURVSHFWV IRU VXFFHVV DQG
JHQHUDO XQGHUHVWLPDWHV RI WKH HYHQWXDO VFRSH RI IHDVLEOH
DFKLHYHPHQWV ,QWKLVWDON,GUDZRQH[LVWLQJWKHRU\DQGUHVHDUFK
WR LGHQWLI\ VRPH RI WKH GLPHQVLRQV DORQJ ZKLFK WHFKQRORJLFDO
FKDQJHVDVVRFLDWHGZLWK D ELRHFRQRP\PD\EHFRPSOH[ LQ WKH
VHQVH WKDWPDQ\HOHPHQWVPXVWEHFRRUGLQDWHGDQGFRQWUROOHG IRU
WKHLU VXFFHVVIXO LQWURGXFWLRQ  :KLOH VXFK DQ DQDO\VLV VXJJHVWV
FDXWLRQ LQPDNLQJ VSHFLILF IRUHFDVWV LW OHDYHV FRQVLGHUDEOH URRP
IRURSWLPLVPPRUHEURDGO\
1HLO-RQHVLVDQ$IILOLDWH3URIHVVRURI6WUDWHJ\DW,16($'
+H MRLQHG ,16($' LQ  )URP  KH ZDV D
PHPEHU RI WKH IDFXOW\ RI WKH 6LQJDSRUH 0DQDJHPHQW
8QLYHUVLW\ZKHUHKHZDV WKHIRXQGLQJ$FDGHPLF'LUHFWRU
RI LWV 0%$ 3URJUDPV 1HLO KDV DOVR KHOG SRVLWLRQV DV D
9LVLWLQJ $VVLVWDQW 3URIHVVRU DW 7KH:KDUWRQ 6FKRRO DQG
DQ $VVLVWDQW 3URIHVVRU DW WKH ,YH\ 6FKRRO RI %XVLQHVV
8QLYHUVLW\RI:HVWHUQ2QWDULR+HHDUQHGKLVGRFWRUDWHLQ
7HFKQRORJ\ DQG 2SHUDWLRQV 0DQDJHPHQW DW WKH +DUYDUG
8QLYHUVLW\ *UDGXDWH 6FKRRO RI %XVLQHVV $GPLQLVWUDWLRQ
DQG D 0DVWHUV LQ 3XEOLF DQG 3ULYDWH 0DQDJHPHQW IURP
<DOH8QLYHUVLW\+LVXQGHUJUDGXDWHGHJUHHLQ3K\VLFVZDV
DZDUGHGE\0HPRULDO8QLYHUVLW\RI1HZIRXQGODQG LQKLV
QDWLYH &DQDGD %HIRUH HQWHULQJ DFDGHPLD 1HLO PDQDJHG





WKH $GYLVRU\ %RDUG RI DLGKD D QRQSURILW SURYLGHU RI
ILQDQFLDO HGXFDWLRQ WR ORZHU LQFRPHJURXSV LQ6LQJDSRUH
3URIHVVRU -RQHV KDV WDXJKW %XVLQHVV 6WUDWHJ\ DQG
0DQDJHPHQWZLGHO\ LQ1RUWK$PHULFD(XURSH DQG$VLD
LQERWK0%$DQG([HFXWLYH3URJUDPV+HKDVWDXJKWDQG
FRQVXOWHG DW D ZLGH UDQJH RI FRPSDQLHV LQFOXGLQJ )XML
;HUR[ ,%0 1RNLD 0 L 6XQ -RKQVRQ DQG -RKQVRQ
6KHOO 6$3 $OOLDQ] '.6+ +HZOHWW3DFNDUG $OFDWHO
,QGLD5DLO6LQJ7HODQG8QLWHG7HFKQRORJLHV+HKDVDOVR
GHVLJQHGDQGWDXJKWPRGXOHVLQ6WUDWHJLF0DQDJHPHQWIRU
PHPEHUV RI %RDUGV RI 'LUHFWRUV DQG IRU KHDOWKFDUH
PDQDJHPHQW SURIHVVLRQDOV 5HFHQWO\ KH KDV EHJXQ WR
DSSO\ EXVLQHVV VLPXODWLRQV LQ KLV 6WUDWHJ\ WHDFKLQJ
3URIHVVRU-RQHVµVUHVHDUFKLQWHUHVWVDUHURRWHGLQDZLVKWR
XQGHUVWDQG WKH VWUDWHJLF LPSOLFDWLRQV RI WHFKQRORJLFDO
FKDQJH +H LV HVSHFLDOO\ LQWHUHVWHG LQ HQYLURQPHQWV RI
LQFUHDVLQJFRPSOH[LW\+LVZULWLQJVKDYHZRQDZDUGVIURP
WKH 6WUDWHJLF 0DQDJHPHQW 6RFLHW\ WKH $FDGHP\ RI
0DQDJHPHQW DQG WKH 'HFLVLRQ 6FLHQFHV ,QVWLWXWH 7KH\
KDYH DOVR DSSHDUHG LQ WKH 6WUDWHJLF0DQDJHPHQW -RXUQDO
DQG WKH +DUYDUG %XVLQHVV 5HYLHZ DPRQJ RWKHU
SXEOLFDWLRQV +H KDV GHVLJQHG DQG WDXJKW 0%$ HOHFWLYH
FRXUVHV DQG FXVWRPL]HG ([HFXWLYH 3URJUDP FRXUVHV LQ
7HFKQRORJ\ 6WUDWHJ\ 0DQDJHPHQW RI 7HFKQRORJLFDO
&KDQJHDQG3URGXFW'HYHORSPHQW3HUIRUPDQFH
 
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7KH +$IULFD ,QLWLDWLYH FXUUHQWO\ VXSSRUWHG E\ WKH 1DWLRQDO
,QVWLWXWHVRI+HDOWK1,+DQGWKH:HOOFRPH7UXVW:7DLPVWR
IDFLOLWDWH D FRQWHPSRUDU\ UHVHDUFK DSSURDFK WR WKH VWXG\ RI
JHQRPLFV DQG HQYLURQPHQWDO GHWHUPLQDQWV RI FRPPRQ GLVHDVHV
ZLWK WKHJRDORI LPSURYLQJ WKHKHDOWKRI$IULFDQSRSXODWLRQV7R
DFKLHYH WKHVH DLPV WKH +$IULFD ,QLWLDWLYH DLPV WR FUHDWH DQG
VXSSRUWWKHGHYHORSPHQWRIWKHQHFHVVDU\H[SHUWLVHDPRQJ$IULFDQ
VFLHQWLVWVDQG WRHVWDEOLVKQHWZRUNVRI$IULFDQ LQYHVWLJDWRUV ,W LV
DQWLFLSDWHGWKDWWKLVLQLWLDWLYHZLOOOHDGWRWKHGHVLJQRIKLJKTXDOLW\
UHVHDUFKLQKXPDQJHQRPLFV0RUHEURDGO\LWLVHQYLVDJHGWKDWWKH
+$IULFD UHVHDUFK SURJUDP ZLOO GHYHORS VWUDWHJLHV WKDW ZLOO
DGGUHVV KHDOWK LQHTXLWLHV LQ ERWK FRPPXQLFDEOH DQG QRQ
FRPPXQLFDEOH GLVHDVHV ZLWK WKH XOWLPDWH JRDO RI LPSURYLQJ WKH
KHDOWK RI $IULFDQV 7KLV SUHVHQWDWLRQ ZLOO GLVFXVV WKH
UHFRPPHQGDWLRQV RI WKH FRPPXQLFDEOH DQG QRQFRPPXQLFDEOH
ZRUNLQJ JURXSV IRU +$IULFD 7KHVH UHFRPPHQGDWLRQV DUH
FXUUHQWO\DYDLODEOHDVDZKLWHSDSHUDWKWWSKDIULFDRUJDQGZLOO
EHSUHVHQWHGLQDSXEOLFFRQIHUHQFHWRWKH$IULFDQDQGWKHJOREDO




1+*5, LQWUDPXUDO SURJUDP +H LV WKH 'LUHFWRU RI WKH
&HQWHU IRU 5HVHDUFK RQ *HQRPLFV DQG *OREDO +HDOWK
&5**+ 7KH PLVVLRQ RI WKLV WUDQV1,+ FHQWHU LV WR
DGYDQFHUHVHDUFKLQWRWKHUROHRIFXOWXUHOLIHVW\OHJHQHWLFV
DQGJHQRPLFVLQGLVHDVHHWLRORJ\DQGKHDOWKGLVSDULWLHV'U
5RWLPL GHYHORSV JHQHWLF HSLGHPLRORJ\ PRGHOV DQG
FRQGXFWV SRSXODWLRQ JHQHWLFV UHVHDUFK WKDW H[SORUHV WKH
SDWWHUQVDQGGHWHUPLQDQWVRIFRPPRQFRPSOH[GLVHDVHVLQ
KXPDQ SRSXODWLRQV ZLWK SDUWLFXODU HPSKDVLV RQ
SRSXODWLRQV RI WKH $IULFDQ 'LDVSRUD $V D VHQLRU
LQYHVWLJDWRUDQGGLUHFWRURIWKH&5**+'U5RWLPLOHDGV
D WHDP RI UHVHDUFKHUV DFURVV PXOWLSOH GLVFLSOLQHV
0HGLFLQHJHQHWLFVJHQRPLFVHSLGHPLRORJ\VWDWLVWLFVDQG
LQIRUPDWLFV WR XQGHUVWDQG WKH FRPSOH[ LQWHUDFWLRQV
EHWZHHQLQKHULWHGFKDUDFWHULVWLFVDQGHQYLURQPHQWDOIDFWRUV
LQGLVHDVHVXVFHSWLELOLW\YDULDEOHGUXJUHVSRQVHDQGKHDOWK
GLVSDULWLHV )RU H[DPSOH KLV WHDP FRQGXFWHG WKH ILUVW
*:$6 RI DQ $IULFDQ $PHULFDQ FRKRUW WKDW LGHQWLILHG
VHYHUDO JHQHWLF YDULDQWV LQFOXGLQJ 306 6/&$
<:+$ ,32 DQG &$&$1$+ XQGHUO\LQJ
VXVFHSWLELOLW\ WR+\SHUWHQVLRQDQGEORRGSUHVVXUHFRQWURO
+LV ODE DOVR FRQGXFWHG WKH ILUVW DQG RQO\ JHQRPHZLGH
OLQNDJH VWXG\ RI 7\SH  'LDEHWHV LQ :HVW $IULFDQV WKH
$$'06WXG\'U5RWLPLµVODEFRQWLQXHVWRFRQWULEXWHWR
WKHJOREDOXQGHUVWDQGLQJRIKXPDQJHQHWLFYDULDWLRQDQGLWV
LPSOLFDWLRQ IRU GLIIHUHQWLDO GLVHDVH GLVWULEXWLRQ YDULDEOH
GUXJ UHVSRQVH DQG KXPDQ PLJUDWLRQ KLVWRU\ +H LV
SURYLGLQJ VFLHQWLILF OHDGHUVKLS WR WKH QHZ 0 GROODU
1,+:HOOFRPH 7UXVW JHQRPLF LQLWLDWLYH WLWOHG ʊ+XPDQ
+HUHGLW\DQG+HDOWKLQ$IULFD+$IULFD+HLVWKHFXUUHQW
SUHVLGHQW RI WKH $IULFDQ 6RFLHW\ RI +XPDQ *HQHWLFV
ZZZDIVKJRUJ
 
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3$613 3DQ$VLDQ3HUVRQDO*HQRPH3URMHFW LV DQ LQWHUQDWLRQDO
FRQVRUWLXPIRUPDSSLQJJHQHWLFGLYHUVLW\RI$VLDQSRSXODWLRQV,W
XVHG DERXW  KXPDQ VDPSOHV WR JHQRW\SH WKHP XVLQJ
$II\PHWUL[. W\SLQJFKLSV7KH UHVXOWVZHUHDQDO\]HG WR VKRZ
WKHGLYHUVLW\DQGSRVVLEOHPLJUDWLRQURXWHVRI$VLDQV WKDW LQFOXGH
,QGLDQV DQG 3DFLILF LVODQGHUV 3$613  WKH VHFRQG SKDVH RI
3$613ZLOO XVHZKROH JHQRPH VHTXHQFLQJ WRPDS DOO WKHPDMRU
HWKQLFJURXSV LQ$VLD$Q\RQHLVZHOFRPHWR LQLWLDWHSDUWLFLSDWH
LQ DQG FRQWULEXWH E\ SURYLGLQJ WKH FRQVRUWLXP ZLWK IXQGV
VDPSOHVDQGUHVHDUFKFDSDELOLWLHV
-RQJ %KDN LV WKH GLUHFWRU RI 3*, 3HUVRQDO *HQRPLFV
,QVWLWXWH.RUHDVLQFH +H KDG EHHQWKH GLUHFWRU RI
.2%,& .RUHDQ %LRLQIRUPDWLRQ &HQWHU VLQFH  +H
ZRUNHGRQDEURDGUDQJHRIELRLQIRUPDWLFVSUREOHPVZLWK
LQWHUHVWV LQ FRPSXWHU KDUGZDUH RSHUDWLQJ V\VWHPV
SURJUDPPLQJ DQGDSSOLFDWLRQV +H UHFHLYHG KLV %6F
+RQRXUV LQ ELRFKHPLVWU\ IURP $EHUGHHQ 8QLYHUVLW\ LQ
 DQG KLV 3K' LQ %LR,QIRUPDWLFV IURP &DPEULGJH
8QLYHUVLW\ LQ  +H MRLQHG JHQHWLFV GHSDUWPHQW DW
+DUYDUG 0HGLFDO 6FKRRO LQ  DV D SRVWGRFWRUDO





RI DQ RSHQIUHH LQIRUPDWLRQ VKDULQJ LQ VFLHQFH +H
DGYRFDWHV IUHHJHQRPLFVSURMHFWV+LVJURXSDQDO\]HG WKH
ILUVW.RUHDQKXPDQJHQRPH ZRUNLQJZLWK'U6HRQJ-LQ
.LP DQG WKH ILUVW SXEOLFDOO\ DYDLODEOH IHPDOH JHQRPH
ZRUNLQJ ZLWK 3HUVRQDO *HQRPH 3URMHFW +H
HVWDEOLVKHG*HQRPH 5HVHDUFK)RXQGDWLRQMRLQWO\ ZLWK 'U
6HRQJ-LQ.LP'U%\XQJFKXO.LPDQG0U -LQXS*RK
WR SURPRWH WKH DSSOLFDWLRQ RI JHQRPLFV WR VRFLHW\ *5)
ZRUNLQJZLWK3*3KDV ODXQFKHG.3*3.RUHDQ3*3 LQ
.RUHD WR VHTXHQFH DQDO\]H  .RUHDQ SHRSOH WR
FRQVWUXFW UHIHUHQFHVWDQGDUG.RUHDQJHQRPHV$OVRKH LV
FROODERUDWLQJ ZLWK&KD PHGLFDO VFKRRO 1DWLRQDO &DQFHU
&HQWHU DQG 6HRXO 1DWLRQDO 8QLYHUVLW\ WR ILQGFDQFHU
VSHFLILFJHQRPLFPDUNHUVXVLQJELRLQIRUPDWLFV
 
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0DOD\V LW LV WKHVH LQGLJHQRXV FRPPXQLWLHV ZKR DUH WKH
GHVFHQGHQWVRI WKHHDUOLHVWPLJUDQWV LQWR WKLVUHJLRQ&ROOHFWLYHO\
WKH2$FRPSULVHD OLWWOHRYHURI WKHSRSXODWLRQDQGFDQEH
GLYLGHG LQWR  ODUJH FDWHJRULHV DQG ZLWKLQ WKHVH IXUWKHU VXE
JURXSLQJVEDVHGRQODQJXDJHVOLIHVW\OHVDQGSKHQRW\SHV:RUNLQJ
ZLWKVRPHLQGLJHQRXVJURXSVLQSDUWLFXODUWKH1HJULWRVUHSUHVHQWV
D FKDOOHQJH 7KH\ OLYH YHU\ PXFK LQ WKH LQWHULRU VRPHWLPHV LQ
UHVWULFWHG DUHDV WKDW UHTXLUH VSHFLDO SROLFH SHUPLWV IRU DFFHVV
1HYHUWKHOHVV RYHU WKH \HDUV ZH KDYH FXOWLYDWHG JRRG ZRUNLQJ
UHODWLRQVKLSV ZLWK WKHP ,Q OLQH ZLWK RXU JRDOV RI HOXFLGDWLQJ
JHQRPH YDULDWLRQ LQ WKH YDULRXV HWKQLF JURXSV RI 0DOD\VLD ZH
XQGHUWRRN D SUHOLPLQDU\ LQYHVWLJDWLRQ RI FRS\ QXPEHU YDULDWLRQV
&19 LQ WKH 2$:H JHQRW\SHG VRPH  LQGLYLGXDOV IURP WKH
7HPXDQ 0HQGULT DQG -HKDL HWKLF JURXSV 7KH $II\ 613 
V\VWHP WKDW ZDV XWLOL]HG UHYHDOHG VRPH XQLTXH YDULDQWV
SUHGRPLQDQWO\ LQ WKH IRUP RI ODUJH GHOHWLRQV VRPH H[FHHGLQJ 
0% 6RPH RI WKH YDULDQWV ZHUH SUHVHQW LQ PRUH WKDQ  HWKQLF




IURP WKH 8QLYHUVLW\ RI 0DOD\D KDYLQJ FRPSOHWHG HDUO\
ZRUN RQ SODVPLG PHGLDWHG DQWLELRWLF UHVLVWDQFH DQG
YLUXOHQFH IDFWRUV LQ EDFWHULD ,Q  VKH REWDLQHG WKH
&DPEULGJH &RPPRQZHDOWK 7UXVW 6FKRODUVKLS DZDUG WR
SXUVXH GRFWRUDO VWXGLHV DW WKH 8QLYHUVLW\ RI &DPEULGJH
8QLWHG .LQJGRP ZKHUH VKH UHVHDUFKHG WKH PROHFXODU
JHQHWLFV RI9RQ+LSSHO/LQGDXGLVHDVH DQG&KURPRVRPH
SV\QGURPH,QVKHMRLQHGWKH)DFXOW\RI0HGLFLQH
8QLYHUVLW\ RI0DOD\D DQG FRQWULEXWHG VXEVWDQWLDOO\ WR WKH
GHYHORSPHQWRIELRPHGLFDOVFLHQFHVVSHFLDOLVWWUDLQLQJDQG
UHVHDUFKSURJUDPPHV7RJHWKHUZLWKFROOHDJXHVVKHEHJDQ
UHVHDUFKLQJ PROHFXODU JHQHWLFV RI DXWRLPPXQH GLVHDVHV
DQG WUDQVSODQWDWLRQ PHFKDQLVPV LQ FROODERUDWLRQ ZLWK
UHVHDUFKHUV WKH 2[IRUG 7UDQVSODQW &HQWUH DQG WKH
8QLYHUVLW\RI:HVWHUQ$XVWUDOLDVXSSRUWHGE\WKH&,&+(
DQG WKH 81(6&2 +XPDQ *HQRPH )HOORZVKLS DZDUGV
7KHVHHIIRUWVUHVXOWHGLQWKHVHWWLQJXSRIDQHZVHUYLFHIRU
PROHFXODULPPXQRJHQHWLFVDQGWUDQVSODQWDWLRQPDWFKLQJDW
WKH 8QLYHUVLW\ RI 0DOD\D 0HGLFDO &HQWUH +HU FXUUHQW
UHVHDUFK IRFXVHV RQ WKH JHQRPLFV RI +RPR VDSLHQV WR
DQVZHU TXHVWLRQV UHODWHG WR RXU HYROXWLRQ PLJUDWLRQ
PRUSKRORJLFDO GHYHORSPHQW DQG KHDOWK $SDUW IURP
WUDQVODWLRQDOPHGLFLQHVKHLVDNHHQDGYRFDWHRIELRHWKLFV
HGXFDWLRQDQG UHVHDUFKSURJUDPPHV LQ$VLDHVSHFLDOO\ LQ
UDSLGO\ GHYHORSLQJ FRXQWULHV ZKLFK KDYH SODFHG
ELRWHFKQRORJ\KLJKRQWKHLUGHYHORSPHQWDJHQGDV6KHKDV
SXEOLVKHGH[WHQVLYHO\LQLQWHUQDWLRQDOMRXUQDOVKDVEHHQDQ
LQYLWHG VSHDNHU DW QXPHURXV LQWHUQDWLRQDO PHHWLQJV DQG
VXSHUYLVHGPDQ\JUDGXDWHVWXGHQWVRYHU WKH\HDUV0DXGH
LV FXUUHQWO\ 3URIHVVRU RI +XPDQ *HQHWLFV DW WKH -HIIUH\
&KHDK 6FKRRO RI 0HGLFLQH DQG +HDWK 6FLHQFHV 0RQDVK
8QLYHUVLW\6XQZD\&DPSXV6KHLVDQDFWLYHPHPEHURI
WKH +XPDQ *HQRPH 2UJDQLVDWLRQ +8*2 $XVWUDOLDQ
6RXWK(DVW$VLDQ7LVVXH7\SLQJ$VVRFLDWLRQ$6($77$
WKH81(6&2%LRHWKLFV SURJUDPPH 6KH LV DPHPEHU RI
WKH 6WHHULQJ &RPPLWWHH IRU WKH 0DOD\VLDQ %LRHWKLFV
&RXQFLOFRFKDLURI WKH3ROLF\5HYLHZ%RDUGRI WKH3DQ
$VLD 613 ,QLWLDWLYH DQG 9LFH 3UHVLGHQW RI WKH *HQHWLFV
6RFLHW\RI0DOD\VLD
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7KH ,QWHUQDWLRQDO +XPDQ *HQRPH 3URMHFW +*3 KDV RSHQHG WKH









SRSXODWLRQVSHFLILF JHQRPH GLIIHUHQFHV DPRQJ DOO WKH PDMRU
SRSXODWLRQV LQ WKH ZRUOG ʊWKH KXPDQ SDQgenomes”), PRUH
NQRZOHGJHDERXWHYROXWLRQDQGDGDSWDWLRQRIRXUJHQRPHVDVZHOO
DV WKH VHOHFWLRQE\HQYLURQPHQW DQGRXURZQ OLIH VW\OH ,W UHTXLUHV
PRUH NQRZOHGJH DERXW WKH GLVHDVHUHODWHG JHQRPH GLIIHUHQFHV
HVSHFLDOO\ DERXW WKH KHWHURJHQHLW\ RI GLVHDVHV ,W UHTXLUHV PRUH
NQRZOHGJH DERXW WKH PLUREHV HVSHFLDOO\ SDWKRJHQV DQG
PHWDJHQRPHV LQ GLIIHUHQW SDUWV LQ RXU ERG\ DQG WKHLU YDULDWLRQV
XQGHU GLIIHUHQW FRQGLWLRQV DERXW WKH KRVWPLFUREHSDWKRJHQ
LQWHUDFWLRQDQGKRVWVXVFHSWLELOLW\,QDGGLWLRQRWKHURPLFVVXFKDV
SURWHRPLFV QXWULJHQRPLFV PHWDERORPLFV DQG WKHLU SRVVLEOH
UHOHYDQFH WR HSLJHQRPLFV PLJKW EH LPSRUWDQW 3HUVRQDOL]HG
PHGLFLQHDOVRIDFHVQHZELRHWKLFDOFKDOOHQJHV3HUKDSVRQHRIWKHP
LVWKHUHFRQVLGHUDWLRQRIWKHRZQHUVKLSRIDJHQRPH
'U <DQJ UHFHLYHG KLV 3K' IURP 8QLYHUVLW\ RI
&RSHQKDJHQ'HQPDUNLQDQGKLVSRVWGRFWUDLQLQJLQ
)UDQFHDQG86$DIWHUZDUGV +HUHWXUQHGWR&KLQDLQ
DQG FRIRXQGHG%*, IRUPHUO\%HLMLQJ *HQRPLFV ,QVWLWXWH
LQ$VWKHFRIRXQGHUVRI%*,KHDQGKLVFROODERUDWRUV
KDYH PDGH D VLJQLILFDQW FRQWULEXWLRQ WR WKH +*3 DQG
+DS0DS SURMHFWV DV ZHOO DV WR VHTXHQFLQJ DQG DQDO\VLQJ
JHQRPHVRIULFHFKLFNHQVLONZRUPJLDQWSDQGDFXFXPEHU
DQGPDQ\PLFURRUJDQLVPV%*,SXEOLVKHG WKH ILUVW$VLDQµV
JHQRPH KXPDQ SDQJHQRPH KXPDQ DQFLHQW JHQRPH DQG
KXPDQ JXW PHWDJHQRPV E\ PHDQV RI QHZJHQHUDWLRQ
VHTXHQFLQJ WHFKQRORW\ DQG LQQRYDWLYH ELRLQIRUPDWLF WRROV
UHFHQWO\%*,QRZKDVEHFRPHVRQHRIWKHPDMRUJHQRPLFV
FHQWHUV LQ WKH ZRUOG 'U <DQJ KDV UHFHLYHGPDQ\ DZDUGV
DQG KRQRUV LQFOXGLQJ 5HVHDUFK /HDGHU RI WKH <HDU E\
6FLHQWLILF $PHULFDQ LQ  DQG$ZDUG LQ %LRORJ\ E\ WKH
7KLUG :RUOG $FDGHP\ RI 6FLHQFHV㧔7:$6㧕LQ  +H
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'HSDUWPHQW RI *HQHWLFV .LQJ )DLVDO 6SHFLDOLVW +RVSLWDO DQG 5HVHDUFK &HQWHU 0%&  5L\DGK 6DXGL $UDELD




LV HVVHQWLDOO\ D VSHFLDO IRUP RI KRPR]\JRVLW\  0RGHUQ 613 PLFURDUUD\V KDYH UDSLGO\ UHSODFHG WKH KLVWRULFDO XVH RI
PLFURVDWHOOLWHVIRUWKHSXUSRVHRIWUDFNLQJDXWR]\JRXVUHJLRQVRIWKHJHQRPH$VDUHVXOWKLJKWKURXJKSXWFKDUDFWHUL]DWLRQRIWKH
HQWLUHVHWRIJHQRPLFUHJLRQVWKDWDUHLGHQWLFDOE\GHVFHQWLQDQLQGLYLGXDODXWR]\JRPHKDVEHFRPHZLGHO\DYDLODEOHDWDYHU\
ORZFRVW:HGUDZIURPRXURZQH[SHULHQFH LQ WKH VWXG\RI WKHDXWR]\JRPH LPSRUWDQW OHVVRQV WKDW VKRZFDVH WKH WUHPHQGRXV
XWLOLW\RIWKLVXQLTXHQDWXUDOH[SHULPHQW'LVHDVH*HQH0DSSLQJ,QDGGLWLRQWRWKHWUDGLWLRQDOOLQNDJHDQDO\VLVDQGFDQGLGDWH
JHQHVHTXHQFLQJDSSURDFKZKLFKKDVEHHQWKHEDFNERQHRIPDSSLQJKXPDQGLVHDVHJHQHVZHVKRZH[FLWLQJH[DPSOHVIURPRXU
ODE RI FRPELQLQJ H[RPH DQG DXWR]\JRVLW\ GDWD WR TXLFNO\ LGHQWLI\ GLVHDVH JHQHV HYHQ IURP VLQJOH DIIHFWHG SDWLHQWV '1$












ZLWK WKH UHFHQW DGYDQFHPHQW LQ VHTXHQFLQJ WHFKQRORJ\ ZLOO XQGRXEWHGO\ XQORFN WKH SRWHQWLDO RI DXWR]\JRPH DV D WRRO WR
XQGHUVWDQGWKHKXPDQJHQRPH
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/RQJ UXQV RI KRPR]\JRVLW\ 52+ KDYH UHFHQWO\ EHHQ VKRZQ WR EH XELTXLWRXV LQ WKH KXPDQ JHQRPH +RZHYHU WKHUH LV




VWXGLHG DOWKRXJK WKH\ UHSUHVHQW D ULFK VRXUFH RI JHQHWLF YDULDWLRQZLWK VLJQLILFDQW SRFNHWV RI JHQHWLF KRPRJHQHLW\ WKDW KDYH
DULVHQIURPFXOWXUDOLVRODWLRQDQGLQEUHHGLQJ8VLQJKLJKGHQVLW\JHQRPHZLGHVFDQGDWDZHKHUHGHVFULEHWKHSDWWHUQVRI52+
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+D\ZRRG $QQLND )0 *KDQQDP 1DGLD $O$THHO 6DUDK $ ,QFLWWL 5REHUWR %DOODW +DVVDQ0 6KDUPD .XPDU 2OHIVN\
-HUUROG0)UD]HU.HOO\$9RROVWUD&KULVWLDQ55DYDVL7LPRWK\
5HG6HD/DERUDWRU\ IRU ,QWHJUDWLYH 6\VWHPV%LRORJ\'LYLVLRQRI&KHPLFDO	/LIH6FLHQFHVDQG(QJLQHHULQJ.LQJ$EGXOODK
8QLYHULVW\RI6FLHQFHDQG7HFKQRORJ\.$8677KXZDO6DXGL$UDELD 'LDEHWHV	(QGRFULQRORJ\&HQWHURI([FHOOHQFH
,QWHUQDWLRQDO 0HGLFDO &HQWHU 'LYLVLRQ RI $SSOLHG 0DWKHPDWLFV DQG &RPS 6FL .LQJ $EGXOODK 8QLYHUVLW\ RI 6FLHQFH DQG
7HFKQRORJ\6DXGL$UDELD'HSDUWPHQWRI0HGLFLQH6FKRRORI0HGLFLQH8QLYHUVLW\RI&DOLIRUQLD6DQ'LHJR86$'HSDUWPHQW




WRXQGHUVWDQG WKHJHQHWLFVWUXFWXUHRI WKH$UDELDQ3HQLQVXODDQG LQSDUWLFXODU WKHRULJLQVRI WKH6DXGL$UDELDQSHRSOHV7KHVH
H[SHULPHQWV ZHUH FDUULHG RXW XVLQJ HLWKHU WKH KDSORLG DQG PDWHUQDOO\ LQKHULWHG PW'1$ RU WKH SDWHUQDOO\ LQKHULWHG <
FKURPRVRPH7KHUHVXOWVVKRZHGWKDWWKHPDMRULW\RIWKHOLQHDJHVKDYHFRPHIURP$IULFDQDQG$VLDQDUHDVDVDUHVXOWRIKXPDQ
PLJUDWLRQVLQFHWKHODVWJODFLDOPD[LP:KLOHWKHVHVWXGLHVKDYHKHOSHGXQGHUVWDQGWKHRULJLQVRIWKH6DXGLSHRSOHDQGFRPSDUHG
WKHLU GLYHUVLW\ ZLWK WKHLU $UDE QHLJKERUV WKH\ DUH IDU IURP FRPSUHKHQVLYH DV ZKROH JHQRPH VWXGLHV DUH ODFNLQJ ZLWKLQ WKH
.LQJGRPRI6DXGL$UDELD  6DXGL$UDELD LV WKH ODUJHVW FRXQWU\ LQ WKH UHJLRQ DQG KLVWRULFDOO\ LW KDV EHHQ FRQVLGHUHG D FORVHG
FRXQWU\ ZLWK PRYHPHQW LQ DQG RXW RI WKH FRXQWU\ DV TXLWH OLPLWHG  7UDGLWLRQDOO\ WKH SRSXODWLRQ LV WKRXJKW WR EH TXLWH




,OOXPLQD +XPDQ2PQL4XDG %HDG FKLS DQG LWV FRPSDULVRQZLWK WKH KXPDQ JHQHWLF GLYHUVLW\ RI (DVW $VLD SRSXODWLRQV DV
UHFHQWO\VXUYH\HGE\WKH+8*23DQ$VLDQ613FRQVRUWLXP
 
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JHQHURXV VSRQVRUVKLS IURP WKH %URFKHU )RXQGDWLRQ *HQHYD WR
EULQJ WRJHWKHUD:RUNLQJ*URXS WRZULWH WKHSDSHU LQ'HFHPEHU
LQFOXGLQJH[SHUWLVHIURPVFLHQWLILFFOLQLFDOVRFLDODQGOHJDO
GRPDLQV7KHJURXSµV UHPLWZDVQRW WR LQYHVWLJDWHHYHU\SRVVLEOH
XVH PLVXVH RU DSSOLFDWLRQ RI JHQRPLF VHTXHQFLQJ HJ LQ WKH
FRQWH[WRIFULPLQDOMXVWLFHRUEHKDYLRUPRGLILFDWLRQ7KHJRDOZDV
WR LGHQWLI\ D QXPEHU RI VSHFLILF ĴLPDJLQHG IXWXUHVµ IRU KRZ WKH
WHFKQRORJLHV FRXOG EH XVHG IRU SXEOLF JRRG 7KH:ULWLQJ*URXS
LGHQWLILHGLWVSXUSRVHDQGFRPPLWPHQWVLQWKLVSDSHUDVIROORZVWR
IRFXV RQ FOLQLFDO XWLOLW\ RI VHTXHQFLQJ WHFKQRORJ\ LGHQWLI\LQJ
SDWKZD\V WR WUDQVODWLRQ DQG ZKDW ZRXOG EH WKH UHTXLUHPHQWV IRU
WUDYHOOLQJDORQJ WKRVHSDWKZD\VZLWK DFRPPLWPHQW WRGHOLYHULQJ
VFLHQWLILFDOO\ DQG VRFLDOO\ UREXVW WHFKQRORJ\ IRU WKH SXEOLF JRRG
)RUH[DPSOHZKDWPLJKWEHQHHGHGLQWKHIRUPRIRYHUVLJKW"7KH
JURXSKDG UHJDUG WR WKHXQFHUWDLQW\ WKDWDFFRPSDQLHV WKHVRFLHWDO
XSWDNH RI DQ\ WHFKQRORJ\ DQG WKH LPSRVVLELOLW\ RI SUHGLFWLQJ WKH
IXWXUH  7KLV XQFHUWDLQW\ DSSOLHV QRW RQO\ WR VFLHQWLILF DQG
WHFKQRORJLFDO GHYHORSPHQWV WKHPVHOYHV EXW DOVR WR IXWXUH
GHYHORSPHQWV LQPHFKDQLVPV RI RYHUVLJKW HWKLFV DQG UHJXODWLRQ
7KH JURXS LGHQWLILHG WKUHH LPDJLQHG IXWXUHV WR H[SORUH FOLQLFDO
LQGLFDWLRQV IRU ZKROH JHQRPH VHTXHQFLQJ :*6  FDQFHU
JHQRPLFV LQ GLDJQRVLV DQG WKHUDQRVWLFV DQG PLFURELDO JHQRPLFV
DQG PHWDJHQRPLFV 7KLV SUHVHQWDWLRQ ZLOO RXWOLQH WKH PDLQ
FRQFOXVLRQVDQGUHFRPPHQGDWLRQVRIWKHJURXS
5XWK &KDGZLFN LV 'LUHFWRU RI WKH (65& (FRQRPLF DQG
6RFLDO 6FLHQFHV 5HVHDUFK &RXQFLO &HQWUH IRU (FRQRPLF
DQG 6RFLDO $VSHFWV RI *HQRPLFV &HVDJHQ &DUGLII
8QLYHUVLW\ 8. 6KH DOVR KROGV D /LQN &KDLU EHWZHHQ
&DUGLII /DZ 6FKRRO DQG WKH 6FKRRO RI (QJOLVK
&RPPXQLFDWLRQ DQG 3KLORVRSK\ (1&$3 6KH KDV FR
RUGLQDWHG D QXPEHU RI SURMHFWV IXQGHG E\ WKH (XURSHDQ




KDV VHUYHG DV D PHPEHU RI VHYHUDO SROLF\PDNLQJ DQG
DGYLVRU\ ERGLHV LQFOXGLQJ WKH 3DQHO RI (PLQHQW (WKLFDO
([SHUWV RI WKH )RRG DQG $JULFXOWXUH 2UJDQLVDWLRQ RI WKH
8QLWHG1DWLRQV )$2 DQG WKH8.$GYLVRU\&RPPLWWHH
RQ1RYHO)RRGVDQG3URFHVVHV$&1)36KHZDVHGLWRU
LQFKLHI RI WKH DZDUG ZLQQLQJ (QF\FORSHGLD RI $SSOLHG




0HGLFLQH ,Q  VKH ZDV WKH ZLQQHU RI WKH :RUOG
7HFKQRORJ\1HWZRUN$ZDUGIRU(WKLFVIRUKHUZRUNRQWKH
UHODWLRQVKLS EHWZHHQ VFLHQWLILF GHYHORSPHQWV DQG HWKLFDO
IUDPHZRUNV
 
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H[LVWLQJ FOLQLFDO SUREOHPV ,QFRUSRUDWLQJ JHQRPLF GDWD LQ FOLQLF
FDUHPD\WXUQWKLVSDUDGLJPRQLWVKHDG,QWKLVWDON,ZLOOLGHQWLI\
VRPH RI WKH FKDOOHQJHV SUHVHQWHG E\ REWDLQLQJ JHQRPLF GDWD
SURVSHFWLYHO\LQFOXGHWKHFHUWDLQW\RIIDOVHSRVLWLYHVWKHGLOHPPDV
SRVHG E\ SOHLRWURS\ DQG OLPLWHG DYDLODELOLW\ RI UHVRXUFHV IRU
IROORZXS ,ZLOO WKHQRXWOLQHVWUDWHJLHVIRURSWLPL]LQJ WKHXVHRI
JHQRPLFGDWD
(OOHQ :ULJKW &OD\WRQ 0' -' UHFHLYHG D EDFKHORU
V
GHJUHH IURP 'XNH D PDVWHU
V GHJUHH IURP 6WDQIRUG KHU
ODZ GHJUHH IURP <DOH DQG KHU PHGLFDO GHJUHH IURP
+DUYDUG$PHPEHURI WKH9DQGHUELOW IDFXOW\VLQFH
VKH LV FXUUHQWO\ WKH 5RVDOLQG ( )UDQNOLQ 3URIHVVRU RI
*HQHWLFVDQG+HDOWK3ROLF\DQG&R'LUHFWRURIWKH&HQWHU
IRU %LRPHGLFDO (WKLFV DQG 6RFLHW\ DW WKH 9DQGHUELOW
8QLYHUVLW\ 0HGLFDO &HQWHU 6KH LV DOVR 3URIHVVRU RI
3HGLDWULFVDQG3URIHVVRURI/DZ$W9DQGHUELOWVKHGLUHFWV
WKH /DZ (PSKDVLV SURJUDP DQG WHDFKHV LQ WKH 3DWLHQW
3URIHVVLRQDQG6RFLHW\LQ WKHPHGLFDOVFKRRODQGWHDFKHV
WKH LQWHUGLVFLSOLQDU\ FRXUVH LQ%LRHWKLFV DQG /DZ LQ IRXU
VFKRROV RI WKH 8QLYHUVLW\ 'U &OD\WRQ KDV IRFXVHG
SULPDULO\ RQ LVVXHV VXUURXQGLQJ WKH HWKLFDO OHJDO DQG
VRFLDO LPSOLFDWLRQV RI DGYDQFHV LQ JHQHWLFV DQG JHQRPLFV
DVERWK D VFKRODU DQGDSROLF\PDNHU6KHKDV VHUYHGRQ
7HQQHVVHHµV *HQHWLFV $GYLVRU\ &RXQFLO VLQFH WKH HDUO\
µVKDVSDUWLFLSDWHGLQQXPHURXVSROLF\DQGDFDGHPLF
JURXSV WKDW KDYH FRQVLGHUHG QHZERUQ VFUHHQLQJ DQG LV
FXUUHQWO\ FRQGXFWLQJ UHVHDUFK RQ WKH LPSDFW RI IDOVH
SRVLWLYH UHVXOWV LQ QHZERUQ VFUHHQLQJ 6KH KDV EHHQ YHU\
LQYROYHG ZLWK WKH +XPDQ *HQRPH 3URMHFW LQ WKH 8QLWHG
6WDWHV VHUYLQJ DV D PHPEHU RI WKH 1DWLRQDO $GYLVRU\
&RXQFLO IRU+XPDQ*HQRPH5HVHDUFK DQGPRUH UHFHQWO\
DV&R&KDLURIWKH(WKLFDO/HJDODQG6RFLDO,PSOLFDWLRQV
:RUNLQJ *URXS RI WKH ,QWHUQDWLRQDO +DSORW\SH 0DSSLQJ
3URMHFW6KHKDVDOVREHHQYHU\ LQYROYHG LQ HWKLFDO LVVXHV
UDLVHG E\ JHQHWLFV DQG JHQRPLFV UHVHDUFK ZRUNLQJ ZLWK
LQYHVWLJDWRUVDQGGHOLEHUDWLYHERGLHVDURXQGWKHZRUOG6KH
LVFXUUHQWO\ZRUNLQJZLWK+8*2RQLPSOLFDWLRQVRIZKROH
JHQRPH VHTXHQFLQJ 6KH KDV EHHQ LQVWUXPHQWDO LQ WKH
GHYHORSPHQW RI 9DQGHUELOWµV '1$ ELREDQN DQG LV
FXUUHQWO\ &R&KDLU RI WKH &RQVHQW DQG &RPPXQLW\
&RQVXOWDWLRQ:RUNLQJ*URXSRIWKHH0(5*(FRQVRUWLXP
ZKLFKLVVWXG\LQJWKHXVHRIHOHFWURQLFPHGLFDOUHFRUGVLQ
JHQRPH ZLGH DVVRFLDWLRQ VWXGLHV 6KH KDV DOVR ZULWWHQ
DERXWDYDULHW\RILVVXHVUHJDUGLQJFKLOGUHQµVDQGZRPHQµV
KHDOWK$PHPEHURIWKH,QVWLWXWHRI0HGLFLQHVLQFH
VKH KDV VHUYHG RQ WKH +HDOWK 6FLHQFHV 3ROLF\ %RDUG LWV
$GYLVRU\ &RXQFLO DQG RQ VHYHUDO ,20 &RPPLWWHHV
FKDLULQJ FRPPLWWHHV WR HYDOXDWH 7LWOH ; IDPLO\ SODQQLQJ
DQGWRHYDOXDWHWKHVDIHW\RIYDFFLQHV
 
HUGO J (2011) 5:1–346 75
123
15 MARCH 2011 CONCURRENT WORKING SUMMIT: GLOBAL ETHICAL AND LEGAL CHALLENGES IN 













3(5621$/,=(' 75$16/$7,21$/ 0(',&,1( ,1 7+( '(9(/23,1* :25/' $1'
.12:/('*(%$6('(&2120<

3HUVRQDOL]HG WUDQVODWLRQDO *HQRPLFV DQG 6WHP &HOO UHVHDUFK LQ WKH
ORQJWHUPKDYHPDMRUEHQHILWVLQWKHVRFLHW\WRZDUGVWKHGHYHORSPHQW
RI QHZ NQRZOHGJHEDVHG HFRQRP\ ELRWHFKQRORJ\ SURGXFWLRQ LQ
YHVWPHQWLQWHFKQRORJ\DQGWKHGLDJQRVLVSUHYHQWLRQDQGWUHDWPHQW
RI PDQ\ GLVHDVHV HJ FDQFHU GLDEHWHV QHXURORJLFDO GLVHDVHV DQG
RWKHUV 1RZ WKDW ZH KDYH KLJK GHQVLW\ VLQJOH QXFOHRWLGH SRO\PRU
SKLVP 613JHQRPLF LQIRUPDWLRQDYDLODEOH DW DIIRUGDEOHSULFHV IRU
FOLQLFDODSSOLFDWLRQVDQGZLWKWKHJHQRPHQRWIDUDZD\ZHDUH
HQFRXQWHULQJFKDOOHQJHVWRWKHLPSOHPHQWDWLRQRISHUVRQDOL]HGWUDQV





WLYH DQG SHUVRQDOL]HG GLDJQRVWLF LQIRUPDWLRQ  ,Q 6DXGL$UDELD OLNH
RWKHUFRXQWULHVLQWKHGHYHORSLQJZRUOGILUVWFRXVLQPDUULDJHVDFFRXQW




6RPH DXWRVRPDO UHFHVVLYH GLVRUGHUV DUH FRPPRQ HJ VLFNOH FHOO
DQHPLD DQG WKDODVVHPLD  2WKHUV DUH XQLTXH HJ $O$THHO6HZDLUL
V\QGURPH6RPHRWKHUVDUHGLDJQRVWLFFKDOOHQJHVOLNHPLWRFKRQGULDO
GLVRUGHUVRIZKLFK ODFWLFDFLGRVLV LQ WKHQHZERUQ LV WKHPRVWFRP
PRQIRUZKLFKQRVWDQGDUGWUHDWPHQWLVDYDLODEOH7KHUHIRUHDGDSWLQJ
VWUDWHJLHV IRU WKHGLDJQRVLV DQG WKHPDQDJHPHQWRI WKHVHSDWLHQWV LV
WKHPRVWFKDOOHQJLQJQRWRQO\IURPWKHFOLQLFDODVSHFWVEXWIURPWKH
SV\FKRORJLFDO DVSHFWV  )RU WKH ODVW VHYHQ \HDUV SUH LPSODQWDWLRQ
JHQHWLFV GLDJQRVLV DQG QHZERUQ VFUHHQLQJ IRU JHQHWLFV PHWDEROLF
GLVRUGHUVDUH WKHPRVW LPSRUWDQWSUHYHQWLYHSURJUDPV LQ6DXGL$UD
ELD 7KH 6WHP &HOO 7KHUDS\ 3URJUDP ZDV DOVR HVWDEOLVKHG DW .LQJ




JHQHWLFV GLDJQRVLV FDXVHV GHEDWH DQG FKDOOHQJHV QRW RQO\ DPRQJ
VFLHQWLVWV EXW DOVR DPRQJ HWKLFLVWV UHOLJLRXV VFKRODUV JRYHUQPHQWV
DQG SROLWLFLDQV 7KHUH LV QR FRQVHQVXV RQ WKH PRUDOLW\ RI KXPDQ
FORQLQJ HYHQ ZLWKLQ VSHFLILF UHOLJLRXV WUDGLWLRQV  ,Q FRXQWULHV LQ







QRVWLF DSSURDFKHV DQGPXVW LQFOXGHSHUVRQDOL]HG WKHUDSHXWLF VWUDWH
JLHV WDNLQJ LQWR DFFRXQW WKH SV\FKRORJLFDO DVSHFW RI HDFK IDPLO\ LQ
WKHVH FKDOOHQJLQJ GLVRUGHUV  )URP WKH YDULRXV JHQHWLF WHFKQLTXHV
DYDLODEOH HDFK FRXQWU\ VKRXOG DGRSW VWUDWHJLHV PRVW VXLWDEOH WR LWV












,QYHVWLJDWLRQ $ZDUG  (XURSHDQ 6RFLHW\ RI +XPDQ *HQHWLFV
6FLHQFH $ZDUG  WKH WK ,QWHUQDWLRQDO &RQJUHVV RI ,QERUQ
(UURUVRI0HWDEROLVP2XWVWDQGLQJ3K\VLFLDQ$ZDUG-DSDQ,
ZDVKRQRUHGDWWKH+RXVHRI&RPPRQV8QLWHG.LQJGRPDVRQHRI
WKH GLVWLQFWLYH LQWHUQDWLRQDO VSHDNHUV  1RPLQDWHG IRU .LQJ
)DLVDO ,QWHUQDWLRQDO 3UL]H LQ 0HGLFLQH   :DV JLYHQ WKH
'LVWLQFWLRQ0HGDOE\WKH&URZQ3ULQFHRI6DXGL$UDELDDOVR
JLYHQ 'LVWLQFWLYH $UDE )HPDOH 6FLHQWLVW 3UL]H WKH $UDELDQ *XOI





RI KXPDQ JURZWK DQG GHYHORSPHQt”. , DP DFWLYHO\ LQYROYHG LQ
UHVHDUFK DQG UHVHDUFK JUDQWV LQ WUDQVODWLRQDO JHQRPLFV IRU
LPSOHPHQWLQJ LPSURYHG KHDOWK VHUYLFHV  LQFOXGLQJ  3UH
LPSODQWDWLRQ*HQHWLFGLDJQRVLVIRUWKHSUHYHQWLRQRIJHQHWLFVGLVRUGHUV
&R3ULQFLSDO,QYHVWLJDWRULQYROYHGLQRIWKHUHVHDUFKDFWLYLWLHV
(PEU\RQLF 6WHP &HOO GHYHORSPHQW IRU WKHUDS\ RI JHQHWLF PHWDEROLF
GLVRUGHUV3ULQFLSDO,QYHVWLJDWRUDZDUGHGPLOOLRQV6DXGL5L\DOVE\
.LQJ $EGXOD]L] &LW\ IRU 6FLHQFH DQG 7HFKQRORJ\  7UHDWPHQW RI
*HQHWLFV GLVRUGHUV DW WKH PROHFXODU OHYHO  3ULQFLSDO ,QYHVWLJDWRU
VXEPLWWHG WR .LQJ $EGXOD]L] &LW\ IRU 6FLHQFH DQG 7HFKQRORJ\ ,
SUHVHQWHG RYHU  SDSHUV WR 1DWLRQDO DQG ,QWHUQDWLRQDO PHHWLQJV
EHHQ LQYLWHG WR OHFWXUH DW +DYDUG 0HGLFDO 6FKRRO 1RUWK :HVWHUQ
8QLYHUVLW\ 0RXQW 6LQDL 6FKRRO RI 0HGLFLQH <DOH 8QLYHUVLW\
8QLYHUVLW\ RI &DOLIRUQLD ,UYLQH 86$:RUOG +HDOWK 2UJDQL]DWLRQ
*HQHYD 8QLYHUVLW\ RI 2VOR DQG 0HGLFDO $GYLVRU\ %RDUG RI
%LRWHFKQRORJ\ 1RUZD\ 1DWLRQDO ,QVWLWXWH RI +HDOWK 86$
:HOOFRPH7UXVW)RXQGDWLRQ&DPEULGJH8.%LRYLVLRQ,QWHUQDWLRQDO
FRQJUHVV%LEOLRWKHFD$OH[DQGULD+XPDQ9DULRPH3URMHFWPHHWLQJ
6SDLQ 7LVVXH (QJLQHHULQJ ,QWHUQDWLRQDO &RQJUHVV %LEOLRWKHFD
$OH[DQGULD  , SXEOLVKHG RYHU  PDQXVFULSWV LQ SHHU UHYLHZHG
MRXUQDOVSUHVHQWHGRYHUDEVWUDFWVDQGRYHULQYLWHGVSHHFKHV
,KDYHHVWDEOLVKHGHWKLFDO)UDPHZRUNIRUUHVHDUFKDQGSDWLHQWFDUHLQ
*HQHWLFV DQG *HQRPLFV LQ WKH 0XVOLP ZRUOG SXEOLVKHG WKDW LQ
1DWXUH *HQHWLFV , DOVR HVWDEOLVKHG LQWHUQDWLRQDO SROLFLHV IRU WKH
+XPDQ 9DULRPH SURMHFW LQ FROODERUDWLRQ ZLWK LQWHUQDWLRQDO
FROOHDJXHV
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$GYDQFHV LQ PROHFXODU DQG FHOOXODU ELRORJ\ UHVHDUFK DQG JHQHWLF H[SHULPHQWDWLRQV RSHQHG QHZ DYHQXHV WKDW FDQ OHDG WR
SURPRWLRQRIKHDOWKFDUHDQGGLVHDVHGLDJQRVHVDQGSUHYHQWLRQ3URIHVVLRQDODQGSXEOLFSHUFHSWLRQRIUHVHDUFKRQOLYLQJEHLQJV





IROORZLQJ WKH HVWDEOLVKPHQWVRI WKH1DWLRQDO(WKLFDO&RPPLWWHH7KH/DZZDVGHEDWHG DW WKH$VK6KXUD&RXQFLO 7KH6DXGL
3DUOLDPHQWZLWKSDUWLFLSDWLRQRIUHJXODWRUV UHVHDUFKDQGSXEOLFUHSUHVHQWDWLYHVZKRPDQDJHGWRDUULYHDWDFRPPRQSRVLWLRQ
7KH/DZZDVVXEVHTXHQWO\SDVVHGE\WKH&DELQHW7KH/DZHPEHGGHGWKH1DWLRQDO(WKLFDO&RPPLWWHHRXWOLQLQJWKHSROLF\DQG
SURFHGXUHV WKDWJRYHUQYDULRXV HOHPHQWVRI WKH/DZZLWK ,VODPLF7HDFKLQJV(WKLFDO DVSHFWV DQG WKHSUHYDLOLQJ7UDGLWLRQDQG
&XVWRPVLQPLQG7KLVSDSHUZLOORXWOLQHWKHVDLG/DZLWVFRPSRQHQWVDQGWKHIHDWXUHVRIUHOHYDQFH7KH/DZFDQSURYLGHDQ
H[DPSOH IRU RWKHUV WR GHYHORS VLPLODU /DZV LQ WKH *XOI $UDELDQ 6WDWHV DQG 2WKHU ,VODPLF &RXQWULHV DQG SDYH WKH ZD\ IRU
HQKDQFHPHQWRI%LRPHGLFDOUHVHDUFKLQWKHUHJLRQ
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$Q LPSRUWDQW XQDQVZHUHG TXHVWLRQ LQ JHQHWLFV LV KRZ
FRJQLWLYH DELOLWLHV DUHPDSSHG RQWR JHQRPHV  6WXGLHV IURP
PDQ\ODERUDWRULHVVXJJHVWWKDWKXPDQVIDUH[FHHGʊVDWXUDWLRQ
PXWDJHQHsis” IRUPXWDWLRQVDWDOOSRVVLEOHORFLWKDWJRYHUQWKH
GHYHORSPHQW RI WKH EUDLQ  0DQ\ RI WKHVHPXWDWLRQV FUHDWH
UDUH  LQ  LQGLYLGXDOV DIIHFWHG 0HQGHOLDQ
V\QGURPHV WKDWDUHRIWHQUHFHVVLYHO\LQKHULWHGDQGW\SLFDOO\
PRVW HDVLO\ VWXGLHG E\ DQDO\]LQJ IDPLOLHV LQ ZKLFK SDUHQWV
KDYHGLVWDQWVKDUHGDQFHVWU\ 2QWKHRWKHUKDQG LQWHOOHFWXDO




LQFOXGLQJ V\QGURPLF IRUPV HJ )UDJLOH ; RU 0(&3
PXWDWLRQV UDUH TXDVL0HQGHOLDQ IRUPV 15;1 6+$1.
RU 1/*1 PXWDWLRQV UHFXUUHQW GH QRYR FRS\ QXPEHU
YDULDQWV&19µVHJTGHOHWLRQVSGHOHWLRQVRU
GXSOLFDWLRQV DQG S GXSOLFDWLRQV DQG RWKHU GLYHUVH
&19µV  ,Q RUGHU WR LGHQWLI\ LQKHULWHG PXWDWLRQV DVVRFLDWHG
ZLWK DXWLVP RXU FROODERUDWRUV KDYH UHFUXLWHG ! IDPLOLHV
ZLWKRQHRUPRUHFKLOGUHQDIIHFWHGZLWKDXWLVP!ZLWKRU
PRUHDIIHFWHGFKLOGUHQLQZKLFKWKHWZRSDUHQWVVKDUHGLVWDQW
FRPPRQ DQFHVWU\ IRFXVLQJ UHFUXLWPHQW RQ FRXQWULHV ZKHUH
FRXVLQPDUULDJHLVFRPPRQLQFOXGLQJ.XZDLW6DXGL$UDELD
7XUNH\ 3DNLVWDQ  $QDO\VLV RI WKHVH IDPLOLHV LGHQWLILHG D
ORZHU LQFLGHQFH RI ODUJH GH QRYR &19µV FRPSDUHG WR
FRPSDUDEOH FKLOGUHQ ZLWK XQUHODWHG SDUHQWV FRQVLVWHQW ZLWK
DQ LPSRUWDQW UROH IRU LQKHULWHG UHFHVVLYH PXWDWLRQV LQ
FKLOGUHQZKRVHSDUHQWVVKDUHDQFHVWU\6RPHDXWLVWLFFKLOGUHQ
VKRZHGKRPR]\JRXVGHOHWLRQVLQKHULWHGWKURXJKERWKSDUHQWV
IURP D FRPPRQ DQFHVWRU RIWHQ LQYROYLQJ QRQFRGLQJ '1$
QHDUJHQHVLQYROYHGLQQHXURORJLFDOIXQFWLRQDQGVXJJHVWLQJ
WKH LPSRUWDQFH RI SUHFLVH WLPLQJ DQG SDWWHUQV RI JHQH
H[SUHVVLRQ  2QH JHQH 6&/$ DND1+( QHDU D ODUJH
GHOHWLRQ VHHQ LQ D SDWLHQW ZLWK DXWLVP ZLWK VHL]XUHV DOVR
VKRZHG KHWHUR]\JRXV SRLQW PXWDWLRQV LQ $PHULFDQ FKLOGUHQ
ZLWK DXWLVP DQG VHL]XUHV  +LJK WKURXJKSXW DUUD\ FDSWXUH
ZKROH H[RPH DQGZKROH JHQRPH VHTXHQFH DQDO\VLV UHYHDOV
DGGLWLRQDO PXWDWLRQV LQ XQH[SHFWHG SDWKZD\V LQFOXGLQJ
FKURPDWLQUHJXODWLRQJHQHH[SUHVVLRQDQGQHXURPHWDEROLVP
DQG DOVR VXJJHVW ZD\V LQ ZKLFK TXDVLUHFHVVLYH JHQHV PD\
LQWHUDFW LQ ĴFRPSOH[µ IDVKLRQ 6XSSRUWHG E\ WKH 1,0+ WKH









RI WKH +RZDUG +XJKHV 0HGLFDO ,QVWLWXWH 'U :DOVK




+DUYDUG0HGLFDO 6FKRRO LQ  DQG KDV KHOG WKH %XOODUG
3URIHVVRUVKLS VLQFH   +H LV IRUPHUO\ 'LUHFWRU RI WKH
+DUYDUG0,7 FRPELQHG 0'3K' WUDLQLQJ SURJUDP  'U
:DOVKµVUHVHDUFKKDVIRFXVHGRQWKHGHYHORSPHQWHYROXWLRQ
DQG IXQFWLRQ RI WKH FHUHEUDO FRUWH[ WKH SDUW RI RXU EUDLQ
UHVSRQVLEOH IRU RXU KLJKHVW FRJQLWLYH DELOLWLHV  +H KDV
SLRQHHUHGWKHDQDO\VLVRIKXPDQJHQHWLFGLVHDVHVWKDWGLVUXSW
WKH FHUHEUDO FRUWH[ LQFOXGLQJ DXWLVP LQWHOOHFWXDO GLVDELOLW\
VHL]XUHV DQG FHUHEUDO SDOV\ LGHQWLI\LQJ JHQHWLF FDXVHV IRU
PRUH WKDQ D GR]HQ EUDLQ GLVHDVHV RI FKLOGUHQ +LV UHVHDUFK
HQWDLOV ZRUOGZLGH FROODERUDWLRQV ZLWK SK\VLFLDQV DQG
IDPLOLHVHVSHFLDOO\IRFXVLQJRQFRXQWULHVRIWKH3HUVLDQ*XOI
UHJLRQ ZKHUH KH KDV DFWLYH FROODERUDWLRQV LQ 4DWDU 6DXGL
$UDELD -RUGDQ .XZDLW DQG WKH 8QLWHG $UDE (PLUDWHV
$PRQJ KLV DZDUGV DUH D -DFRE -DYLWV 1HXURVFLHQFH
,QYHVWLJDWRU $ZDUG IURP WKH 1DWLRQDO ,QVWLWXWH RI
1HXURORJLFDO'LVRUGHUVDQG6WURNHWKH'UHLIXVV3HQU\$ZDUG
(SLOHSV\ 5HVHDUFK $ZDUG IURP WKH $PHULFDQ $FDGHP\ RI
1HXURORJ\ WKH'HUHN'HQQ\%URZQ$ZDUG DQG WKH -DFRE\
$ZDUG IURP WKH $PHULFDQ 1HXURORJLFDO $VVRFLDWLRQ WKH
5HVHDUFK$ZDUGIURPWKH$PHULFDQ(SLOHSV\6RFLHW\DQGWKH
:LOGHU 3HQILHOG $ZDUG IURP WKH 0LGGOH (DVWHUQ 0HGLFDO
$VVHPEO\  +H LV DQ HOHFWHG PHPEHU RI WKH $PHULFDQ
1HXURORJLFDO $VVRFLDWLRQ WKH $PHULFDQ $VVRFLDWLRQ RI
3K\VLFLDQV DQG DQ HOHFWHG IHOORZ RI WKH $PHULFDQ
$VVRFLDWLRQIRUWKH$GYDQFHPHQWRI6FLHQFHV
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6WUXFWXUDO YDULDWLRQ RI WKH JHQRPH LV DQ LPSRUWDQW DVSHFW LQ RXU
XQGHUVWDQGLQJRIKXPDQGLVHDVHDQGVXVFHSWLELOLW\WRGLVHDVH7KLV
SUHVHQWDWLRQ ZLOO IRFXV RQ WKH JHQRPHZLGH GLVFRYHU\ DQDO\VLV
DQGGLVWULEXWLRQRIFRS\QXPEHUDQGVWUXFWXUDOYDULDQWVZLWKLQWKH
QRUPDO KXPDQ SRSXODWLRQ DQG D SRSXODWLRQ RI FKLOGUHQ ZLWK
LQWHOOHFWXDO GLVDELOLW\ 2XU DQDO\VLV ZLOO EH EDVHG RQ D VWXG\ RI
FKLOGUHQZLWKDXWLVP LQWHOOHFWXDOGLVDELOLW\DQGFRQJHQLWDO
KHDUW GHIHFWV FRPSDUHG WR  DGXOW FRQWUROV ,ZLOO VKRZ KRZ
KLJKTXDOLW\ VHTXHQFH GDWD FDQ EH XVHG WR SUHGLFW UHJLRQV
DVVRFLDWHGZLWKJHQRPLFLQVWDELOLW\DVZHOODVWKHGLVFRYHU\RIWKH
PROHFXODUEDVLVIRUPRUHFRPSOH[QHXURFRJQLWLYHGLVHDVHEDVHGRQ
D JHQRPLF KRWVSRW PRGHO RI UDUH DQG UHFXUUHQW FRS\QXPEHU
YDULDQWV,ZLOOSUHVHQWDWZRKLW&19PRGHOWRH[SODLQYDULDELOLW\
LQ GLVHDVH SKHQRW\SHV DQG VKRZ KRZ WKH HYROXWLRQ RI GLYHUVH
VWUXFWXUDOKDSORW\SHVFDQDFWDVDSUHPXWDWLRQVWDWHSUHGLVSRVLQJWR
UHFXUUHQW UHDUUDQJHPHQW , ZLOO FRQWUDVW WKHVH UHVXOWV ZLWK PRUH
UHFHQW H[RPH VHTXHQFLQJ IURP D PRGHVW QXPEHU RI VSRUDGLF
SDUHQWFKLOG WULRV ZKHUH RIIVSULQJ DUH GLDJQRVHG ZLWK DXWLVP
DQGRUGHYHORSPHQWDOGHOD\2XUDQDO\VHVVXJJHVWWKDWUDUH&19V
DUH FROOHFWLYHO\ FRPPRQ LQ WKH SRSXODWLRQ DQG WKH SUHVHQFH RI
PXOWLSOH HYHQWV PD\ KHOS WR H[SODLQ WKH YDULDELOLW\ LQ GLVHDVH
PDQLIHVWDWLRQ &RPELQHG ZLWK H[RPHEDVHG VHTXHQFLQJ RI
SDWLHQWVZHSUHGLFWWKDWaRIVSRUDGLFFDVHVRIGLVHDVHPD\EH
H[SODLQHG 7KH DQDO\VHV DUH FRQYHUJLQJ RQ D ILQLWH QXPEHU RI
QHXURGHYHORSPHQWDOSDWKZD\VZKHUHJHQHGRVDJHLPEDODQFHLQWKH





IRFXVHV RQ GXSOLFDWHG UHJLRQV DQG VWUXFWXUDO YDULDWLRQ LQ
WKHKXPDQJHQRPH8VLQJFRPSXWDWLRQDODQGH[SHULPHQWDO
DSSURDFKHV KH LQYHVWLJDWHV WKH DUFKLWHFWXUH RI WKHVH
UHJLRQVDQGWKHLUUROHLQHYROXWLRQDQGGLVHDVH
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DQG KXPDQ DVVRFLDWLRQ WHVWLQJ LV VWDUWLQJ WR HQDEOH D PRUH
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH UROH RI KXPDQ LPPXQH
UHVSRQVH LQ GHWHUPLQLQJ LQIHFWLRXV GLVHDVH RXWFRPHVZK\ VHYHUH
GLVHDVH LV XVXDOO\ UDUH RFFXUUHQFH 7KHVH QHZ DSSURDFKHV DUH
OHDGLQJ WR WKH UREXVW GLVFRYHU\ RI D QXPEHU RI GLVHDVH
VXVFHSWLELOLW\ JHQHV WKH EHJLQQLQJV RI DQ DSSUHFLDWLRQ RI WKHLU
FRQQHFWLRQV DQG DUH VWDUWLQJ WR GLVVHFW SDWKRJHQVSHFLILF KXPDQ
UHVSRQVHV ,Q SDUWLFXODU WKH DYDLODELOLW\ RI GHHS VHTXHQFLQJ
WHFKQRORJLHVKDVUHYROXWLRQL]HGWKHILHOGRIPLFURELDOJHQRPLFVDV
ZH DUH QRZ DEOH WR JHQHUDWH JHQRPLF DVVHPEOLHV RI WHQV WR
KXQGUHGVRIUHODWHGJHQRPHVLQDVLQJOHSURMHFW7KLVGHQVHJHQHWLF
LQIRUPDWLRQ IURP PXOWLSOH PLFURELDO VWUDLQV LV HQDEOLQJ QRYHO
LQVLJKWV LQWR WKHLU SRSXODWLRQ VWUXFWXUHV DQG WKHLU HYROXWLRQ
UDQJLQJIURPWKHGHOLQHDWLRQRIGLVHDVHRXWFRPHVWRWUDQVPLVVLRQ
SDWWHUQV ,Q6LQJDSRUHZHKDYH WHDPHGXSZLWK WKH0LQLVWULHVRI
+HDOWK(QYLURQPHQWDQG'HIHQVHWRJHWKHUZLWKORFDOKRVSLWDOVWR




,QVWLWXWH RI 6LQJDSRUH DQG KDV DGMXQFW SRVLWLRQV DW WKH
1DWLRQDO 8QLYHUVLW\ RI 6LQJDSRUH DQG ,PSHULDO &ROOHJH
/RQGRQ 8. *UDGXDWHG ZLWK +RQRUV IURP %UXQHO
8QLYHUVLW\ LQ  :HVW /RQGRQ 8. DQG UHFHLYHG KLV
'RFWRUDWH RQ WKH LPPXQHJHQHWLFV RI WKH KXPDQ 7FHOO
DQWLJHQ UHFHSWRU IURP .LQJµV &ROOHJH /RQGRQ +DV D
EURDG VFLHQWLILF EDFNJURXQG VSDQQLQJ ERWKPLFURELDO DQG
KXPDQ GHWHUPLQDQWV RI LQIHFWLRXV DQG LQIODPPDWRU\
GLVHDVHV 3UHYLRXV SRVWV LQFOXGH :+2IXQGHG 6HQLRU
0LFURELRORJLVW DW WKH 8.µV FHQWUDO 3XEOLF +HDOWK
/DERUDWRULHV DQG IRU VHYHQ \HDUV SULRU WR KLV FXUUHQW
DSSRLQWPHQW KH ZDV /HFWXUHU DQG 6HQLRU /HFWXUHU LQ
3HGLDWULF ,QIHFWLRXV 'LVHDVHV DW WKH ,PSHULDO &ROOHJH
6FKRRO RI 0HGLFLQH RQH RI WKH YHU\ WRSUDQNLQJ %ULWLVK
XQLYHUVLWLHV&XUUHQWUHVHDUFKLQWHUHVWVFRYHUERWKSDWKRJHQ
DQGKRVWDVSHFWVRI LQIHFWLRXVGLVHDVHXQGHUVWDQGLQJKRZ
PLFURELDO DJHQWV FDXVHV WKH REVHUYHG GLVHDVH LQFOXGLQJ
SDWKRJHQLGHQWLILFDWLRQDQGVHTXHQFHFKDUDFWHUL]DWLRQDQG
ZK\ VSHFLILF LQGLYLGXDOV DUH VXVFHSWLEOH WR WKH GLVHDVH
XVLQJ KRVW JHQHWLFV RQ D JHQRPLF VFDOH $SSURDFKLQJ
LQIHFWLRXV GLVHDVH IURP WKHVH WZR GLUHFWLRQV DOVR DOORZV
VSHFLILF KRVW SDWKRJHQ UHVSRQVHV WR EH LQYHVWLJDWHG
XWLOL]LQJ51$PLFUR DQG ORZGHQVLW\ DUUD\V7KLVZRUN
DLPV WR LGHQWLI\ NH\ KRVW UHVSRQVHV WR VSHFLILF SDWKRJHQV
WKDWFRXOGEHWDUJHWHGE\QHZWKHUDSLHV
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LQ WKH UHFHQW SDVW7KH+XPDQ*HQRPH3URMHFW DQG ,QWHUQDWLRQDO
+DS0DS SURMHFWV KDYH XQFRYHUHG D ZHDOWK RI LQIRUPDWLRQ IRU
UHVHDUFKHUV7KLVKDVOHDGWRWKHGLVFRYHU\RIFOLQLFDOO\SUHGLFWLYH
JHUPOLQH JHQRW\SHV HJ 8*7$LULQRWHFDQ 7<06 76(5
IOXRURS\ULPLGLQHV &<3'WDPR[LIHQ &<3&FORSLGRJUHO
JHUPOLQH KDSORW\SHV HJ 9.25& +DSORW\SH $ZDUIDULQ DQG
VRPDWLF PXWDWLRQV HJ HSLGHUPDO JURZWK IDFWRU UHFHSWRU
JHILWLQLEHUORWLQLE .5DVFHWX[LPDESDQLWXPXPDE  7KH
LQWURGXFWLRQ RI )'$ DSSURYHG SKDUPDFRJHQHWLF WHVWV
8*7$ &<3&9.25& &<3'&<3& DQG WKH
LQLWLDWLRQRIJHQRW\SHJXLGHGFOLQLFDOWULDOVKDYHSURYLGHGWKHILUVW
VWHSV WRZDUGV WKH LQWHJUDWLRQ RI SKDUPDFRJHQRPLFV LQWR FOLQLFDO
SUDFWLFH +RZHYHU LW LV DOVR FOHDU WKDW WKHUH DUHPDQ\ VFLHQWLILF





EH PRUH DJJUHVVLYHO\ DSSOLHG LQ RUGHU WR RYHUFRPH WKH PDQ\
REVWDFOHVWRGHOLYHULQJPRUHFDUHIXOVHOHFWLRQRIGUXJWKHUDS\
'U +RZDUG0F/HRG LV )UHG 1 (VKHOPDQ 'LVWLQJXLVKHG
3URIHVVRU DQG 'LUHFWRU 81& ,QVWLWXWH IRU
3KDUPDFRJHQRPLFV DQG ,QGLYLGXDOL]HG 7KHUDS\
8QLYHUVLW\ RI 1RUWK &DUROLQD &KDSHO +LOO  'U0F/HRG
KROGV DSSRLQWPHQWV LQ WKH 6FKRROV RI 3KDUPDF\ DQG
0HGLFLQHDQGWKH/LQHEHUJHU&DQFHU&HQWHU'U0F/HRG
LVDOVR WKH3ULQFLSDO ,QYHVWLJDWRU IRU&5($7(DPHPEHU
RI WKH 1,+ IXQGHG 3KDUPDFRJHQHWLFV 5HVHDUFK 1HWZRUN
DQG LV D PHPEHU RI WKH )'$ FRPPLWWHH RQ &OLQLFDO
3KDUPDFRORJ\ +H DOVR GLUHFWV WKH3KDUPDFRJHQHWLFV IRU
(YHU\ 1DWLRQ ,QLWLDWLYH ZKLFK DLPV WR KHOS GHYHORSLQJ
FRXQWULHV XVH JHQHWLF LQIRUPDWLRQ WR LPSURYH 1DWLRQDO
'UXJ )RUPXODU\ GHFLVLRQV  +RZDUG KDV SXEOLVKHG RYHU
 SHHU UHYLHZHG SDSHUV RQ SKDUPDFRJHQRPLFV DSSOLHG
WKHUDSHXWLFV RU FOLQLFDO SKDUPDFRORJ\ DQG FRQWLQXHV WR
ZRUN WR LQWHJUDWHJHQHWLFV SULQFLSOHV LQWR FOLQLFDO SUDFWLFH
WRDGYDQFHLQGLYLGXDOL]HGPHGLFLQH
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$GYHUVH GUXJ UHDFWLRQV $'5V DFFRXQW IRU   RI DOO
KRVSLWDODGPLVVLRQVDQGUHPDLQDPDMRUFOLQLFDOSUREOHP7\SH
$ $'5 LV GRVHGHSHQGHQW DQG XVXDOO\ PRQRJHQLF RU
ROLJRJHQLF DQ H[DPSOH LV ZDUIDULQ VHQVLWLYLW\ ZKLFK FDXVHV
H[FHVVLYH EOHHGLQJ $ IXQFWLRQDO SURPRWHU SRO\PRUSKLVP RI
YLWDPLQ.HSR[LGHUHGXFWDVHFRPSOH[VXEXQLWZDVIRXQGWR
EH DVVRFLDWHG ZLWK LQWHULQGLYLGXDO GLIIHUHQFHV LQ ZDUIDULQ
GRVDJHDQGFDQH[SODLQWKHLQWHUHWKQLFGLIIHUHQFHVLQZDUIDULQ
VHQVLWLYLW\3URVSHFWLYHVWXG\RIZDUIDULQGRVDJHUHTXLUHPHQWV
EDVHG RQ &<3& DQG 9.25& JHQRW\SHV VKRZHG WKDW
SKDUPDFRJHQHWLFVEDVHGGRVLQJFDQLPSURYHWKHWLPHWRVWDEOH
GRVLQJ UHGXFH DGYHUVH HYHQWV DQG DFKLHYH KLJK VHQVLWLYLW\
7\SH % $'5 LV XVXDOO\ GRVHLQGHSHQGHQW DQG KLVWRULFDOO\
UHIHUUHGWRDVEHLQJXQSUHGLFWDEOHDQGSRO\JHQLFDQH[DPSOHLV
GUXJ K\SHUVHQVLWLYLW\ 6HYHUDO UHFHQW VWXGLHV UHSRUWHG VWURQJ
JHQHWLF DVVRFLDWLRQV EHWZHHQ+/$ DQG VXVFHSWLELOLW\ WR GUXJ
K\SHUVHQVLWLYLW\7KHJHQHWLFDVVRFLDWLRQVFDQEHGUXJVSHFLILF
+/$% LV DVVRFLDWHG ZLWK FDUEDPD]HSLQHLQGXFHG
6WHYHQV-RKQVRQ V\QGURPH DQG WR[LF HSLGHUPDO QHFURO\VLV
6-67(1 +/$% ZLWK DEDFDYLU K\SHUVHQVLWLYLW\ DQG
+/$% ZLWK DOORSXULQROLQGXFHG VHYHUH FXWDQHRXV
DGYHUVH UHDFWLRQV 7KH JHQHWLF DVVRFLDWLRQ FDQ DOVR EH
SKHQRW\SHVSHFLILF % LV DVVRFLDWHG VROHO\ ZLWK




&DXFDVLDQV RU -DSDQHVH ZKLFK FDQ EH H[SODLQHG E\ WKH
GLIIHUHQFHLQDOOHOHIUHTXHQFLHVDPRQJSRSXODWLRQV7KHVWURQJ
JHQHWLF DVVRFLDWLRQ VXJJHVWV D GLUHFW LQYROYHPHQW RI +/$ LQ
WKH SDWKRJHQHVLV RI GUXJ K\SHUVHQVLWLYLW\ RI ZKLFK +/$
PROHFXOH SUHVHQWV DQ DQWLJHQLF GUXJ IRU 7FHOO DFWLYDWLRQ
3KDUPDFRJHQRPLF VWXG\ LGHQWLILHG DQ XQXVXDO IRUP RI
JUDQXO\VLQ VHFUHWHG E\ F\WRWR[LF 7 O\PSKRF\WHV DQG QDWXUDO
NLOOHUFHOOVUHVSRQVLEOHIRUWKHGLVVHPLQDWHGNHUDWLQRF\WHGHDWK
LQ6WHYHQV-RKQVRQV\QGURPHDQG WR[LFHSLGHUPDOQHFURO\VLV
7KH KLJK VHQVLWLYLW\VSHFLILFLW\ RI VRPH JHQHWLF PDUNHUV
SURYLGHV D SODXVLEOH EDVLV IRU GHYHORSLQJ WHVWV WR LGHQWLI\
LQGLYLGXDOV DW ULVN IRU GUXJ K\SHUVHQVLWLYLW\ $SSOLFDWLRQ RI
+/$%JHQRW\SLQJDVDVFUHHQLQJWRROIRUSDWLHQWWDNLQJ
FDUEDPD]HSLQH LV QRZ UHFRPPHQGHG E\ WKH 'HSDUWPHQW RI
+HDOWK7DLZDQDQGE\WKH86)'$
3URIHVVRU<XDQ7VRQJ<7&KHQZDVRULJLQDOO\IURP7DLZDQ
DQG KDV EHHQ FRPPLWWHG WR ELRPHGLFDO UHVHDUFK IRU RYHU 
\HDUV+HUHFRJQL]HV WKH WUHPHQGRXVLPSDFW WKDWJHQHWLFVDQG
JHQRPLFV KDYH KDG RQ WKH LPSURYHPHQW RI KHDOWK DQG




8QLYHUVLW\ 7DLSHL DQG D 3K' IURP &ROXPELD 8QLYHUVLW\
86$+HLVFXUUHQWO\D'LVWLQJXLVKHG5HVHDUFK)HOORZRIWKH
,QVWLWXWH RI %LRPHGLFDO 6FLHQFHV $FDGHPLD 6LQLFD 7DLZDQ
DQG 3URIHVVRU RI 3HGLDWULFV DQG *HQHWLFV DW 'XNH 8QLYHUVLW\
0HGLFDO&HQWHU86$3URIHVVRU&KHQLVDSK\VLFLDQVFLHQWLVW
UHFRJQL]HG IRU KLV ZRUN RQ KXPDQ JHQHWLF GLVRUGHUV +LV
WUDQVODWLRQDO UHVHDUFK OHDGV WR WKH GHYHORSPHQW RI QRZ
VWDQGDUG WKHUDSLHV IRU WZR GHYDVWDWLQJ LQKHULWHG PHWDEROLF
GLVHDVHVD VLPSOHDQGHIIHFWLYHFRUQVWDUFK WKHUDS\ IRU VHYHUH
K\SRJO\FHPLD LQ JO\FRJHQ VWRUDJH GLVHDVHV DQG DQ HQ]\PH
UHSODFHPHQWWKHUDS\WKHILUVWHYHUWUHDWPHQWIRUDGHELOLWDWLQJ
SURJUHVVLYH DQG RIWHQ IDWDO P\RSDWK\ FDOOHG 3RPSH GLVHDVH
3URIHVVRU &KHQ KDV DOVR LGHQWLILHG WKH JHQHWLF EDVLV RI DQG
GHYHORSHG '1$EDVHG GLDJQRVLV IRU VHYHUDO PDMRU KHULWDEOH
GLVHDVHVDQGPRUHUHFHQWO\KLVWHDPLQ7DLZDQKDVXQFRYHUHG
JHQHV613V DVVRFLDWHG ZLWK GUXJLQGXFHG 6WHYHQV-RKQVRQ
V\QGURPH DQG ZDUIDULQ VHQVLWLYLW\ +LV ODWHVW
SKDUPDFRJHQRPLFVWXGLHVRIDGYHUVHGUXJUHDFWLRQVSDYHGWKH
ZD\ IRU SHUVRQDOL]HG PHGLFLQH E\ SUHYHQWLQJ GUXJ WR[LFLW\
ZLWK D JHQH WHVW 3URIHVVRU &KHQ LV DQ HOHFWHG PHPEHU RI
$FDGHPLD 6LQLFD DQG RI WKH $FDGHP\ 6FLHQFHV IRU WKH
'HYHORSLQJ:RUOG
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+XPDQ JHQRPH HQFRGHV NH\ IDFWRUV GLUHFWLQJ RXU
GHYHORSPHQW SK\VLRORJ\ DQG DELOLW\ WR XQGHUWDNH DGDSWHG
UHVSRQVHV WR HQYLURQPHQWDO FRQGLWLRQV+RZHYHU RXUERG\ LV
FRORQL]HGE\ELOOLRQVRIFRPPHQVDOPLFURRUJDQLVPVZKLFKDUH
PRUH DEXQGDQW WKDQ RXU RZQ ERG\ FHOOV 7KHVH
PLFURRUJDQLVPV LQWHUDFW ZLWK RXU ERG\ DQG SOD\V UROH LQ
LPPXQHV\VWHPPDWXUDWLRQGLJHVWLRQQXWULHQWSURGXFWLRQDQG
DVVLPLODWLRQ DQG SUHYHQWLQJ SDWKRJHQ RYHUJURZWK 7KHVH
LQWHUDFWLRQV SOD\ NH\ UROHV LQ RXU KHDOWK DQG ZHOOEHLQJ ,Q
UHJDUGV WR WKHLU UROH LQ KXPDQ SK\VLRORJ\ DQG KHDOWK WKHVH
PLFURRUJDQLVPVDUHQRZFROOHFWLYHO\FRQVLGHUHGDVDQRUJDQLQ
RXUERG\DQGWKHUHIRUH WKHLU JHQHWLFFRQWHQWDVRXUVHFRQG
JHQRPH ,Q WKHIUDPHRI WKH(80HWD+LWDQG)UHQFK0LFUR
2EHV SURMHFWV ZH GHWDLOHG E\ QHZ VHTXHQFLQJ WHFKQRORJLHV
WKHQDWXUHDQGWKHUROHRIWKLVVWLOOSRRUO\FKDUDFWHUL]HGZRUOG
$FDWDORJXHRIPLOOLRQVJHQHVKDVEHHQHVWDEOLVKHGODUJHO\
RYHU QXPEHULQJ WKDW RI KXPDQ JHQHV 7KH DQDO\VLV RI JHQH
YDULDELOLW\ EHWZHHQ LQGLYLGXDO E\ GHHS SURILOLQJ ZLWK WKH
,OOXPLQD RU 62/L' DQDO\]HU ZDV SHUIRUPHG IRU D EHWWHU
XQGHUVWDQGLQJ LQ WKH PHWDEROLF SRWHQWLDO RI KXPDQ LQWHVWLQDO
PLFURRUJDQLVPV DQG ILQGLQJ DVVRFLDWLRQ EHWZHHQ VSHFLILF
JHQHV DQG SKHQRW\SHV VXFK DV SDUWLFXODUPHWDEROLF GLVRUGHUV




RXW RI WKLV ODUJH FDWDORJ 7KHUHIRUH RXU VHFRQG JHQRPH
JUHDWO\ YDULHV LQ JHQH FRPSRVLWLRQ DQG DEXQGDQFH ,Q RXU
ZRUN WKHQXPEHURIJHQHFRXQWHGE\GHHSSURILOLQJDYHUDJHV
  E\ LQGLYLGXDO EXW PD\ YDU\ EHWZHHQ   DQG
 *HQH DVVRFLDWLRQ VWXGLHV KDYH EHHQ FDUULHG RXW E\
FRPSDULQJ JHQH FRQWHQWV RI LQGLYLGXDOV LQFOXGHG LQ FOLQLFDO
VWXGLHV WDUJHWLQJ REHVLW\ DQG LQIODPPDWRU\ ERZHO GLVHDVHV
XOFHUDWLYH FROLWLV &URKQ GLVHDVH $VVRFLDWLRQ FRXOG EH
UHYHDOHG EHWZHHQ EDFWHULDO VSHFLHV DQG GLVHDVHV UDLVLQJ WKH
SRVVLELOLW\WRGHVLJQJHQHWLFPDUNHUVIRUSHUVRQDOL]HGPHGLFLQH
DQG JXLGH IRU WKH GLVFRYHU\ RI HWLRORJLFDO IDFWRUV 'HHS
SURILOLQJ RI KXPDQ LQWHVWLQDO PLFURRUJDQLVP JHQRPHV ZLOO
SURYLGHQHZ LQVLJKW LQ IDFWRUVDIIHFWLQJRXUKHDOWK LQQXPEHU
RI SDWKRORJLHV )XUWKHUPRUH VWXGLHV RQ WKH HIIHFW RI GLHWV
FXOWXUDOSUDFWLFHVDQGOLIHVW\OHDIIHFWLQJWKHFRPSRVLWLRQRIRXU
VHFRQG JHQRPH ZLOO SURYLGH JXLGHOLQH IRU SUHYHQWLYH FDUH
DQGSHUVRQDOL]HGPHGLFLQH
3LHUUH 5HQDXOW 3K' LV 5HVHDUFK 'LUHFWRU DW WKH 0LFDOLV
,QVWLWXWH ORFDWHG LQ -RX\ HQ -RVDV ,OHGH)UDQFH LQ WKH
1DWLRQDO ,QVWLWXWH IRU$JURQRPLFDO5HVHDUFK ,15$0LFDOLV
LV FRPSRVHG RI  WHDPV ZRUNLQJ LQ (FRV\VWHP )RRG 5LVN
DQG6\VWHP%LRORJ\DSSOLHGRQ)RRGDQG+HDOWK,QSDUWLFXODU
LW GHYHORSV UHVHDUFKHV RQ WKH LPSDFW RQ KHDOWK RI KXPDQ
LQWHVWLQDOPLFURRUJDQLVPVZKLFKFRXOGEHFROOHFWLYHO\QDPHG
RXU VHFRQG JHQRPH DQG ZKLFK JHQHWLF YDULDELOLW\ ODUJHO\
HQFRPSDVVHV WKDW RI RXU ILUVW JHQRPH 3 5HQDXOW ILUVW
ZRUNHG IRU  \HDUV WR VHWWOH D PLFURELRORJLFDO ODERUDWRU\ LQ
<HPHQ7KHQKHSHUIRUPHGD3K'RQJHQHWLFVDQGSK\VLRORJ\
RI IRRG EDFWHULD )URP  \HDUV KH UHGLUHFWHG LWV DFWLYLWLHV RQ
KXPDQ LQWHVWLQDOPLFURRUJDQLVPV WKDW LQWLPDWHO\ LQWHUDFWZLWK
KXPDQ SK\VLRORJ\ DQG PD\ SURWHFW RU IDYRU PHWDEROLF
GLVRUGHUV LQ FRQMXQFWLRQ RI FKDQJHV LQGXFHG E\GLHW OLIHVW\OH
DQG KHDOWK 7KH %$& WHDP PDQDJHG E\ 3 5HQDXOW KDV D
VWURQJ EDFNJURXQG LQ JHQH H[SUHVVLRQ DQG EDFWHULDO
SK\VLRORJ\ ,W GHYHORSVPHWDJHQRPLF DSSURDFKHV WR HVWDEOLVK
UHODWLRQVKLSV EHWZHHQ FRPSRQHQWV RI WKH KXPDQ LQWHVWLQDO
PLFURELRPH DQG PHWDEROLF GLVRUGHUV VXFK DV REHVLW\ DQG
LQIODPPDWRU\ ERZHO GLVHDVHV 7KLV LQFOXGHV ELRLQIRUPDWLF
DQDO\VLVRIGDWDJHQHUDWHGE\WKH1HZ*HQHUDWLRQ6HTXHQFHUV
VXFKDV62/L'DQGLOOXPLQDEXWDOVRIXQFWLRQDODSSURDFKHVRQ
KXPDQ LQWHVWLQDO PLFURRUJDQLVPV WR SLQSRLQW PROHFXODU
PHFKDQLVPV LQYROYHG LQ WKH FURVVWDON EHWZHHQ KXPDQ DQG
PLFURELRWD 7KHVH UHVHDUFKHV PD\ RSHQ QHZ ZD\V IRU
SHUVRQDOL]HGPHGLFLQH
  
HUGO J (2011) 5:1–346 83
123












RI &RORPER  5DLOZD\ $YHQXH0DKDUDJDPD &RORPER 6UL /DQND ,QVWLWXWH RI *HQRPLFV DQG ,QWHJUDWLYH %LRORJ\ 1HZ
'HOKL,QGLDVDQHWKVDPDUDNRRQ#JPDLOFRP





JHQRPH RI D 6UL /DQNDQ LQGLYLGXDO DQG LGHQWLI\LQJ DOO WKHPXWDWLRQV FRQVHUYHG JHQHWLF HOHPHQWV DQG FOLQLFDOO\ VLJQLILFDQFH
UHJLRQV LQ WKH JHQRPH  7KH JHQRPH RI WKH 6LQKDOHVHPDOH RI 6UL /DQNDQ RULJLQ ZDV VHTXHQFHG XVLQJ ,OOXPLQD
V UHYHUVLEOH
WHUPLQDWRU FKHPLVWU\  *LJDEDVHV RI UDZ GDWD ZDV JHQHUDWHG &DVDYD  ZDV XVHG IRU EDVH FDOOLQJ 0DSSLQJ DQG
$VVHPEOLHVZLWK4XDOLWLHV 0$4ZKLFK XVHV WKH*5&KKJ EXLOG RI WKH+XPDQ*HQRPH DV WKH UHIHUHQFHZDV XVHG IRU
JHQRPHDVVHPEO\7KHOHQJWKRIQRQJDSSHGUHJLRQVRIWKHUHIHUHQFHJHQRPHFRYHUHGE\UHDGVZDV*EZKLFKLVH[DFWO\WKH
OHQJWKRIWKHUHIHUHQFHJHQRPHH[FOXGLQJJDSVRIWKHUHIHUHQFHJHQRPHZDVFRYHUHGE\WKH6UL/DQNDQJHQRPHDQGWKH
GHSWK RI FRYHUDJH DFKLHYHG ZDV  ; 'XULQJ WKH EDVH FDOO DQG DVVHPEO\ SURFHVV  6LQJOH 1XFOHRWLGH
3RO\PRUSKLVPV613VDQG,QVHUWLRQ'HOHWLRQ3RO\PRUSKLVPV,Q'HOVZHUHLGHQWLILHG7KHQWKHGDWDZDVIHGLQWRDQ
DGYDQFHDQDO\VLVSLSHOLQHZKHUHWKHGDWDZDVILUVWILOWHUHGXVLQJWKHGE613EXLOGWRLGHQWLI\QRYHOYDULDWLRQV5HVXOWVVKRZHG
WKDW   RI WKH ,GHQWLILHG 613V ZHUH QRYHO YDULDWLRQV 1H[W WKHVH YDULDWLRQV ZHUH FDWHJRUL]HG EDVHG RQ WKHLU
*HQLF,QWHUJHQLF6\QRQ\PRXVDQG1RQ6\QRQ\PRXVSURSHUWLHV7KLVVHFRQGSKDVHRIWKHSLSHOLQHSUHVHQWHG9DULDWLRQV
LQ([RQV&'6 UHJLRQV DQG  YDULDWLRQV LQ QRQFRGLQJ)XQFWLRQDO51$V )ROORZLQJ WKDW LI WKH 613VZHUH QRQ6\QRQ\PRXV
SRWHQWLDO HIIHFWV RI WKHVH YDULDWLRQV ZHUH VWXGLHG DFFRUGLQJ WR 6,)7 6RUWLQJ ,QWROHUDQW IURP 7ROHUDQW UHVXOWLQJ LQ WKH
LGHQWLILFDWLRQRIYDULDWLRQVDVGDPDJLQJQRQV\QRQ\PV)XUWKHUPRUH613VZHUHFRPSDUHGDJDLQVWWKH*:$6FDWDORJZKLFK




84 HUGO J (2011) 5:1–346
123








&2035(+(16,9( &20387$7,21$/ 3,3(/,1( )25 6<67(0$7,& $1$/<6,6 $1'
$1127$7,212))81&7,21$/9$5,$176,13(5621$/*(120(6











WKHQ XVHG WKLV JHQRPH DV D WHPSODWH WR GHYHORS D V\VWHPDWLF ZRUNIORZ IRU LGHQWLI\LQJ JHQRPH VFDOH YDULDQWV DQG WKHLU
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75$16/$7,1* 7+( 3520,6( 2) *(120,& 0(',&,1( ,172 &/,1,&$/ 5($/,7<
&+$//(1*(62)3203(',6($6(

3RPSH GLVHDVH LV DQ DXWRVRPDO UHFHVVLYH GLVRUGHU RI JO\FRJHQ
PHWDEROLVPFDXVHGE\DGHILFLHQF\RIWKHO\VRVRPDOHQ]\PHDFLG
DOSKDJOXFRVLGDVH *$$ 3DWLHQWV SUHVHQW GLIIHUHQWLDOO\ ZLWK
YDULDEOH UDWHV RI SURJUHVVLRQ UDQJLQJ IURP D UDSLGO\ SURJUHVVLYH
FRXUVHRIWHQ IDWDOE\\HDURIDJH WRDVORZHUEXWQHYHUWKHOHVV
UHOHQWOHVVO\SURJUHVVLYH FRXUVH3ULRU WR  WKHUDS\ IRU3RPSH
GLVHDVH UHPDLQHG HVVHQWLDOO\ SDOOLDWLYH DQG WKH QDWXUDO KLVWRU\ RI
LQIDQWLOH RQVHW 3RPSH GLVHDVH ZDV XQLIRUPO\ SRRU ZLWK GHDWK
RFFXUULQJ XVXDOO\ E\ DJH  \HDU IURP FDUGLRP\RSDWK\ RU
UHVSLUDWRU\ IDLOXUH 5HVHDUFK RQ WKH GHYHORSPHQW RI HQ]\PH
UHSODFHPHQW WKHUDS\ (57 VWDUWHG LQ WKH HDUO\µVEXW QRW XQWLO
PLGµVWKDWWKHLQYLYRHIILFDF\RI(57ZDVILUVWGHPRQVWUDWHGLQ
WKH-DSDQHVHTXDLOZLWK3RPSHGLVHDVHDQGWKHQODWHULQWKH*$$
NQRFNRXW *$$.2 PRXVH PRGHO 6XEVHTXHQWO\ SLORW KXPDQ
SKDVH ,,, VWXGLHV RI UHFRPELQDQW KXPDQ *$$ EHJDQ LQ 
IROORZHG E\ SKDVH ,, FOLQLFDO WULDOV DQG SLYRWDO WULDOV ZKLFK
HYHQWXDOO\ OHDGV WR PDUNHW DSSURYDO RI WKH 0\R]\PH
DOJOXFRVLGDVHDOID*HQ]\PH&DPEULGJH0$86$LQDQG
PRUH UHFHQWO\ /XPL]\PH LQ  IRU ODWHRQVHW SDWLHQWV 7KH
VWRU\ RI D IDWKHU VHDUFKLQJ IRU D OLIHVDYLQJ GUXJ IRU KLV WZR
FKLOGUHQZLWK3RPSHGLVHDVHDQGWKHGHYHORSPHQWRIWKLVQHZGUXJ
KDV EHHQ DGDSWHG WR D +ROO\ZRRG PRYLH HQWLWOHGʊ([WUDRUGLQDU\
0HDsures”. 7KH (57 KDV GUDPDWLFDOO\ LPSURYHG WKH RXWFRPH RI
WKHGLVHDVHKRZHYHUOLPLWDWLRQVRIWKHWKHUDS\VXFKDVKLJKGRVH
DQG YDULDEOH VNHOHWDO UHVSRQVH UHPDLQ D FKDOOHQJH 6WDJH RI WKH
GLVHDVHDW WKH WLPHRI WUHDWPHQW&5,0VWDWXVRI WKHSDWLHQWVDQG
DQWLERG\ DUH VRPH LPSRUWDQW IDFWRUV FRQWULEXWLQJ WR WKH YDULDEOH
VNHOHWDO UHVSRQVH 3URJUHVV FRQWLQXHV WR EH PDGH LQ WKH
GHYHORSPHQW RI LPSURYHG WKHUDSLHV IRU 3RPSH GLVHDVH VXFK DV D
VHFRQGJHQHUDWLRQUHFRPELQDQWHQ]\PHVPDOOPROHFXOHFKDSHURQH
WKHUDS\VPDOOPROHFXOHIRUVXEVWUDWHUHGXFWLRQDQGJHQHWKHUDS\
3URIHVVRU <XDQ7VRQJ <7 &KHQ ZDV RULJLQDOO\ IURP
7DLZDQDQGKDVEHHQFRPPLWWHGWRELRPHGLFDOUHVHDUFKIRU
RYHU  \HDUV+H UHFRJQL]HV WKH WUHPHQGRXV LPSDFW WKDW
JHQHWLFV DQG JHQRPLFV KDYH KDG RQ WKH LPSURYHPHQW RI
KHDOWK DQG WUHDWPHQW RI GLVHDVHV DQG KDV HVWDEOLVKHG WKH
&KHQ $ZDUG ZLWK +8*2 WR FHOHEUDWH UHVHDUFK
DFFRPSOLVKPHQWV LQ +XPDQ *HQHWLFV DQG *HQRPLFV LQ
$VLD 3DFLILF DQG DURXQG WKH ZRUOG 3URIHVVRU &KHQ
UHFHLYHGKLV0'GHJUHHIURP1DWLRQDO7DLZDQ8QLYHUVLW\
7DLSHLDQGD3K'IURP&ROXPELD8QLYHUVLW\86$+H
LV FXUUHQWO\ D 'LVWLQJXLVKHG 5HVHDUFK )HOORZ RI WKH
,QVWLWXWH RI %LRPHGLFDO 6FLHQFHV $FDGHPLD 6LQLFD
7DLZDQDQG3URIHVVRURI3HGLDWULFVDQG*HQHWLFVDW'XNH
8QLYHUVLW\ 0HGLFDO &HQWHU 86$ 3URIHVVRU &KHQ LV D
SK\VLFLDQVFLHQWLVW UHFRJQL]HG IRU KLV ZRUN RQ KXPDQ
JHQHWLF GLVRUGHUV +LV WUDQVODWLRQDO UHVHDUFK OHDGV WR WKH
GHYHORSPHQWRIQRZVWDQGDUGWKHUDSLHVIRUWZRGHYDVWDWLQJ
LQKHULWHG PHWDEROLF GLVHDVHV D VLPSOH DQG HIIHFWLYH
FRUQVWDUFK WKHUDS\ IRU VHYHUH K\SRJO\FHPLD LQ JO\FRJHQ
VWRUDJH GLVHDVHV DQG DQ HQ]\PH UHSODFHPHQW WKHUDS\ WKH
ILUVW HYHU WUHDWPHQW IRU D GHELOLWDWLQJ SURJUHVVLYH DQG
RIWHQIDWDOP\RSDWK\FDOOHG3RPSHGLVHDVH3URIHVVRU&KHQ
KDV DOVR LGHQWLILHG WKH JHQHWLF EDVLV RI DQG GHYHORSHG
'1$EDVHGGLDJQRVLVIRUVHYHUDOPDMRUKHULWDEOHGLVHDVHV
DQG PRUH UHFHQWO\ KLV WHDP LQ 7DLZDQ KDV XQFRYHUHG
JHQHV613VDVVRFLDWHGZLWKGUXJLQGXFHG6WHYHQV-RKQVRQ
V\QGURPH DQG ZDUIDULQ VHQVLWLYLW\ +LV ODWHVW
SKDUPDFRJHQRPLFVWXGLHVRIDGYHUVHGUXJUHDFWLRQVSDYHG
WKH ZD\ IRU SHUVRQDOL]HG PHGLFLQH E\ SUHYHQWLQJ GUXJ
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7ZHQW\ \HDUV DIWHU WKH ILUVW ZDYH RI 0HQGHOLDQ GLVHDVH JHQH
GLVFRYHULHV WKHLU WUDQVODWLRQ LQWR WKHUDSHXWLFPRGDOLWLHVEHJLQV WR
WDNHKROGJUHDWO\DLGHGE\ WKH LQFUHDVH LQELRORJLFDO LQVLJKWVDQG
DGYDQFHPHQW RI WHFKQRORJLHV RI WKH JHQRPLFV HUD $QWLVHQVH
PHGLDWHGUHDGLQJIUDPHUHVWRUDWLRQLVSUHVHQWO\WKHPRVWSURPLVLQJ
WKHUDSHXWLFDSSURDFKIRU'XFKHQQHPXVFXODUG\VWURSK\'0',Q
WKLV DSSURDFK DQWLVHQVH ROLJRULERQXFOHRWLGHV $21V LQGXFH
VSHFLILF H[RQ VNLSSLQJ GXULQJ SUHP51$ VSOLFLQJ WR UHVWRUH WKH
GLVUXSWHG RSHQ UHDGLQJ IUDPH DQG DOORZ V\QWKHVLV RI LQWHUQDOO\
GHOHWHG SDUWO\ IXQFWLRQDO %HFNHUOLNH G\VWURSKLQ SURWHLQV 7KH
DSSURDFK LV WKHRUHWLFDOO\ DSSOLFDEOH WR RYHU  RI DOO SDWLHQWV
3URRIRIFRQFHSWKDVEHHQDFKLHYHGLQFXOWXUHGPXVFOHFHOOVIURP
SDWLHQWV FDUU\LQJGLIIHUHQWPXWDWLRQ W\SHV LQ WKHPG[PRXVH DQG
GRJ PRGHOV DQG UHFHQWO\ LQ SDWLHQWV DV ZHOO ,Q D ILUVW WULDO
SXEOLVKHG LQYDQ'HXWHNRPHWDO1(-0ZHVKRZHGH[RQ
VNLSSLQJDQGG\VWURSKLQ UHVWRUDWLRQ LQ IRXUSDWLHQWVDIWHU ORFDO
LQWUDPXVFXODU $21 LQMHFWLRQV $ VXEVHTXHQW V\VWHPLF WULDO KDV
UHFHQWO\EHHQVXFFHVVIXOO\FRPSOHWHGE\3URVHQVDDVDPXOWLFHQWHU
RQHPRQWK GRVHILQGLQJ WULDO XVLQJ VXEFXWDQHRXV DGPLQLVWUDWLRQ
7KLVEHWWHUURXWHIRUVHOIDGPLQLVWUDWLRQZDVSUHYLRXVO\WHVWHGWREH
HIILFLHQWLQUHDFKLQJSURSHUPXVFOH$21OHYHOVZLWKDORZHUSHDN
FLUFXODWLRQ OHYHO DV LQWUDYHQRXV DGPLQLVWUDWLRQ 7KH  SDWLHQWV
HQUROOHG VKRZHG D FOHDU GRVH UHVSRQVH ERWK RI VNLSSLQJ DQG
G\VWURSKLQ UHVWRUDWLRQ ZLWKRXW DGYHUVH HIIHFWV 2XU SUHFOLQLFDO
IXUWKHU UHVHDUFKQRZIRFXVHVRQ WKHQH[W VWHSV LQGHYHORSLQJDQG
LPSURYLQJ WKHUDS\ WKHGHYHORSPHQWRIPRUH UHILQHG UHDGRXWV IRU
WKHUDSHXWLF VXFFHVV XVLQJ WUDQVFULSWRPLFV DQG SURWHRPLFV
WHFKQRORJ\ DQG VXSSRUWLQJ WUHDWPHQWV WR LQFUHDVH P\RJHQHVLV
)LQDOO\WKHVXFFHVVRIWKHH[RQVNLSSLQJZRUNLQ'0'KDVOHGXV
WR H[SORUH DSSOLFDWLRQV WR JHQHV DIIHFWHG LQ RWKHU GLVHDVHV 7KXV
WKH WUDQVODWLRQDO VWHSV LQLWLDOO\ WDNHQ IRU UDUH GLVHDVHV ZLOO DOVR
JUHDWO\ DVVLVW WKHUDSHXWLF GHYHORSPHQW IRU FRPPRQ GLVHDVH
(VSHFLDOO\LQWKLVHUDRIUDSLGO\HPHUJLQJKLJKWURXJKSXWWRROVDQG
WHFKQRORJ\ LW LV EHFRPLQJ LQFUHDVLQJO\ FOHDU WKDW WKHPHUJLQJRI
WKH ILHOGV RI FRPSOH[ DQG UDUH GLVHDVH FODVVLFDOO\ VHHQ DV
FRPSOHPHQWDU\ DQG ODUJHO\ VHSDUDWH KDV PXFK WR FRQWULEXWH WR
EHWWHU GHILQLQJ ELRORJ\ SUHGLFW KHDOWK RXWFRPHV DQG JXLGLQJ
WKHUDS\GHYHORSPHQW
3URI 'U *HUWMDQ % YDQ 2PPHQ 3K' LV KHDG RI WKH
'HSDUWPHQW RI+XPDQ*HQHWLFV RI WKH /HLGHQ8QLYHUVLW\




RI ([FHOOHQFH HVWDEOLVKHG LQ  E\ WKH 1HWKHUODQGV
*HQRPLFV,QLWLDWLYHDLPLQJWRLPSURYHGLDJQRVLVWKHUDS\
DQGSUHYHQWLRQRIFRPPRQDQGUDUHGLVHDVHV9DQ2PPHQ
KDV DV PDMRU UHVHDUFK LQWHUHVWV LQ QHXURPXVFXODU DQG
QHXURGHJHQHUDWLYH GLVHDVHV ZLWK D IRFXV RQ 'XFKHQQH
0XVFXODU'\VWURSK\ '0'+XQWLQJWRQ'LVHDVH DQG WKH
GHYHORSPHQW DQG DSSOLFDWLRQ RI JHQRPH UHVHDUFK DQG
GLDJQRVWLFWHFKQRORJ\IRUGLVHDVHVWXG\GLDJQRVLVWKHUDS\
DQG SUHYHQWLRQ LQFOXGLQJ WKH VRFLHWDO DVSHFWV RI JHQHWLF
DGYDQFHV$V RI  KLV JURXS KDV EHHQ SLRQHHULQJ WKH
H[RQVNLSSLQJDSSURDFKIRUWKHUDS\RI'XFKHQQH0XVFXODU
'\VWURSK\ $IWHU SUHFOLQLFDO UHVHDUFK LQ SDWLHQW FHOOV DQG
PLFH WKLV DSSURDFK LV QRZ WKH SRWHQWLDO '0' WKHUDS\
FORVHVWWRPDUNHW,QFROODERUDWLRQZLWKWKH/HLGHQELRWHFK
FRPSDQ\ 3URVHQVD LQ  WKH ILUVWLQPDQ SURRIRI
FRQFHSW VWXG\ ZDV SHUIRUPHG DQG LQ  3URVHQVD
FRPSOHWHGWKHILUVWVXFFHVVIXOSKDVH,,,V\VWHPLFWULDO9DQ
2PPHQ LV FRRUGLQDWRU RI WKH QDWLRQDO 'XWFK ELREDQN
LQWHJUDWLRQ LQIUDVWUXFWXUH %%05,1/ HVWDEOLVKHG LQ
 +H LV (GLWRULQFKLHI RI WKH (XURSHDQ -RXUQDO RI
+XPDQ*HQHWLFV DQG SDVW SUHVLGHQW RI+8*2DQG RI WKH
(XURSHDQDQG'XWFK6RFLHWLHVRI+XPDQ*HQHWLFV+HLVD
PHPEHURIVHYHUDOQDWLRQDO(8DQG+8*2FRPPLWWHHVLQ
WKH ILHOGV RI JHQHWLFV LQQRYDWLYH KHDOWK FDUH JHQRPLFV
ELRLQIRUPDWLFVELREDQNLQJHWKLFVDQGLQWHOOHFWXDOSURSHUW\
LVVXHV +H SDUWLFLSDWHV LQ VHYHUDO (8 )3 SURMHFWV
LQFOXGLQJ%%05,WKH(XURSHDQELREDQNLQJLQIUDVWUXFWXUH
DQG (1*$*( DQDO\VLQJ*:$ VWXGLHV RI DSSUR[LPDWHO\
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NQRZQ WR EH FDSDEOH RI FDXVLQJ DXWLVP RU VFKL]RSKUHQLD ,Q
DGGLWLRQ WR WKH NQRZQ FRS\ QXPEHU PXWDWLRQV FDXVLQJ
VFKL]RSKUHQLD DQGDXWLVPZHKDYH LGHQWLILHGQRYHO FRS\QXPEHU
YDULDWLRQV DW VXEVWDQWLDO IUHTXHQF\ LQ WKH '1$ RI SDWLHQWV ZLWK
FRPELQHG VFKL]RSKUHQLD DQG HSLOHSV\ %\ DQDORJ\ HSLJHQHWLF
VLOHQFLQJ RI DQ DOOHOH VKRXOG EH WKH IXQFWLRQDO HTXLYDOHQW RI
GHOHWLRQ RU ORVVRIIXQFWLRQ SRLQW PXWDWLRQ LQ WKDW DOOHOH :H
K\SRWKHVL]H WKDW VRPH IUDFWLRQRIDXWLVPDQGVFKL]RSKUHQLDFDVHV
PLJKW EH FDXVHG E\ HSLPXWDWLRQV $ JHQRPHZLGH DQDO\VLV RI
'1$PHWK\ODWLRQZDVSHUIRUPHGRQEUDLQVDPSOHVIURPQRUPDO
LQGLYLGXDOV  SDWLHQWV ZLWK DXWLVP DQG  ZLWK VFKL]RSKUHQLD
XVLQJ WKH ,OOXPLQD ,QILQLXP KXPDQ  PHWK\ODWLRQ EHDG FKLS
SODWIRUP 7KH &S* LVODQG DW WKH ƍHQG RI 6(5+/ ZDV
K\SHUPHWK\ODWHG LQ FHUHEHOOXP RI RQH DXWLVP SDWLHQW 7KH &S*
LVODQG DW WKH ƍHQG RI /2& D K\SRWKHWLFDO JHQH ZDV
K\SHUPHWK\ODWHG LQ WKH %$ UHJLRQ RI FHUHEUDO FRUWH[ RI RQH
VFKL]RSKUHQLD FDVH ,Q ERWK LQVWDQFHV WKH ,QILQLXP GDWD ZHUH
FRQVLVWHQWZLWK WKH LQWHUSUHWDWLRQ WKDWDOO FRQWUROVDQGRWKHUFDVHV
ZHUHXQPHWK\ODWHGDWWKHVHORFLDQGWKDWKHWHUR]\JRXVPHWK\ODWLRQ
ZDV SUHVHQW LQ WKHVH WZR FDVHV %LVXOILWH WUHDWPHQW RI '1$
IROORZHGE\3&5DQGVHTXHQFLQJRIFORQHV\LHOGHGDSSUR[LPDWHO\
HTXDOQXPEHUVRIKLJKO\PHWK\ODWHGDQGXQPHWK\ODWHGFORQHV IRU
HDFK ORFXVZKLFK LVFRQVLVWHQWZLWK WKHSRVVLELOLW\RIPHWK\ODWLRQ
RIRQHDOOHOHEXWQRW WKHRWKHUIRUHDFKORFXV1RVLPLODUFDVHVRI
JDLQ RI PHWK\ODWLRQ ZHUH REVHUYHG LQ FRQWURO EUDLQ VDPSOHV ,Q
DGGLWLRQ ZH DOVR LGHQWLILHG PRUH WKDQ  VLWHV VKRZLQJ
K\SRPHWK\ODWLRQ LQ ERWK GLVHDVH VDPSOH VHWV7KLVZRUN LV EHLQJ
H[WHQGHG XVLQJ WKH ,OOXPLQD +XPDQ 0HWK\ODWLRQ  '1$
$QDO\VLV %HDG&KLS DQG DGGLWLRQDO DXWLVP DQG VFKL]RSKUHQLD
VDPSOHV 6XSSRUWHG E\ WKH 6LPRQV )RXQGDWLRQ $XWLVP 5HVHDUFK
,QLWLDWLYH6)$5,
'U %HDXGHW UHFHLYHG KLV 0' GHJUHH IURP <DOH GLG
SHGLDWULF UHVLGHQF\ WUDLQLQJ DW -RKQV +RSNLQV DQGZDV D
UHVHDUFK DVVRFLDWH DW WKH 1DWLRQDO ,QVWLWXWHV RI +HDOWK
EHIRUHMRLQLQJ%D\ORU&ROOHJHRI0HGLFLQH%&0LQ
ZKHUH KH KDV UHPDLQHG WR WKH SUHVHQW  'U %HDXGHW KDV
PDGH GLYHUVH FRQWULEXWLRQV LQ WKH ILHOG RI PDPPDOLDQ
JHQHWLFV LQFOXGLQJ GLVFRYHU\ RI XQLSDUHQWDO GLVRP\ LQ
KXPDQVDQGSXEOLVKLQJRYHURULJLQDOUHVHDUFKDUWLFOHV
+HKDVDUJXHGIRUWKHLPSRUWDQFHRIHSLJHQHWLFVLQKXPDQ
GLVHDVH VLQFH  30,'  DQG SURSRVHG D
PL[HG HSLJHQHWLF DQG JHQHWLF DQG PL[HG GH QRYR DQG
LQKHULWHG PRGHO IRU ROLJRJHQLF LQKHULWDQFH LQ DXWLVP
30,',Q%HDXGHWDQGD%&0WHDPRI
LQYHVWLJDWRUV ZHUH WKH ILUVW LQ WKH 86 WR LQWURGXFH DUUD\
FRPSDUDWLYH JHQRPLF K\EULGL]DWLRQ DUUD\ &*+ LQWR WKH
FOLQLFDOODEDQGWKH\KDYHJRQHRQWRSOD\DOHDGHUVKLSUROH
LQWKHWUDQVIRUPDWLYHLPSDFWRIWKLVWHFKQRORJ\RQFOLQLFDO
JHQHWLFV   +LV FXUUHQW ZRUN LV IRFXVHG RQ WKH UROH RI
JHQRPLF FRS\ QXPEHU DEQRUPDOLWLHV DQG HSLJHQHWLF
FKDQJHV LQ QHXUREHKDYLRUDO GLVDELOLWLHV DQG HVSHFLDOO\ RQ
WKH LPSRUWDQFH RI WKH &+51$ JHQH LQ LQWHOOHFWXDO
GLVDELOLW\DXWLVPDQGVFKL]RSKUHQLD'U%HDXGHW LVZHOO
NQRZQ DV RQH RI WKH HGLWRUV RI WKH 0HWDEROLF DQG
0ROHFXODU%DVHVRI ,QKHULWHG'LVHDVH WH[WERRNIRU WKHWK
WKURXJKWKHGLWLRQVDQGQRZWKHHOHFWURQLFHGLWLRQDQGKH
KDV VHUYHG RQPDQ\ HGLWRULDO ERDUGV DQG QDWLRQDO UHYLHZ
SDQHOV +H ZDV 3UHVLGHQW RI WKH $PHULFDQ 6RFLHW\ RI
+XPDQ*HQHWLFVLQDQGLVDQHOHFWHGPHPEHURIWKH
$VVRFLDWLRQ RI $PHULFDQ 3K\VLFLDQV DQG WKH ,QVWLWXWH RI
0HGLFLQH RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV  'U
%HDXGHW LV FXUUHQWO\ WKH +HQU\ DQG (PPD 0H\HU
'LVWLQJXLVKHG 6HUYLFH 3URIHVVRU DQG &KDLU LQ WKH
'HSDUWPHQW RI0ROHFXODU DQG+XPDQ*HQHWLFV DW %D\ORU
&ROOHJHRI0HGLFLQHLQ+RXVWRQ
 
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GLVHDVH FDQ EH HVVHQWLDO IRU SURSHU PDQDJHPHQW &HUWDLQ NLGQH\
GLVHDVHV KDYH VLPLODU KLVWRSDWKRORJLFDO IHDWXUHV GHVSLWH EHLQJ
FDXVHG E\ GHIHFWV LQ GLIIHUHQW JHQHV 7ZR FRQVDQJXLQHRXV 6DXGL
$UDELDQIDPLOLHVLQZKLFKLQGLYLGXDOVSUHVHQWHGZLWKUHQDOIDLOXUH
DQG PL[HG FOLQLFDO DQG KLVWRORJLFDO IHDWXUHV LQLWLDOO\ WKRXJKW
FRQVLVWHQW ZLWK IRFDO VHJPHQWDO JORPHUXORVFOHURVLV )6*6 ZHUH
FRPSDUHG :H DSSOLHG ZKROHJHQRPH VLQJOHQXFOHRWLGH
SRO\PRUSKLVP DQDO\VLV IROORZHG E\ WDUJHWHG LVRODWLRQ DQG
VHTXHQFLQJ RI H[RQV XVLQJ JHQRPLF'1$ VDPSOHV IURP DIIHFWHG
PHPEHUVIROORZHGE\DGGLWLRQDOIRFXVHGJHQRW\SLQJDQGVHTXHQFH
DQDO\VLV:H VWXGLHGPHPEHUV RI WZR DSSDUHQWO\ UHODWHG IDPLOLHV
IURP 6DXGL $UDELD ZLWK NLGQH\ GLVHDVH 7KH WZR DSSDUHQWO\
XQUHODWHG IDPLOLHV VKDUHG D UHJLRQ RI KRPR]\JRVLW\ RQ
FKURPRVRPHT([RPHVHTXHQFHIURPWKHDIIHFWHGLQGLYLGXDOV
ODFNHG DQ\ VHTXHQFH UHDGV IURP WKH13+3JHQH ORFDWHGZLWKLQ
WKLV KRPR]\JRXV UHJLRQ $GGLWLRQDO 3&5 EDVHG JHQRW\SLQJ
FRQILUPHG WKDW DIIHFWHG LQGLYLGXDOV KDG 13+3 GHOHWLRQV UDWKHU
WKDQ GHIHFWV LQ D NQRZQ )6*6DVVRFLDWHG JHQH 7KLV DQDO\VLV
GHPRQVWUDWHV WKH SRZHU RI QHZ KLJKWKURXJKSXW JHQRW\SLQJ DQG
VHTXHQFLQJ WHFKQRORJLHV WR DLG LQ WKH UDSLG JHQHWLF GLDJQRVLV RI
LQGLYLGXDOVZLWKDQLQKHULWHGIRUPRINLGQH\GLVHDVH7KHDLPZDV
WR LGHQWLI\ JHQHV DQG GLIIHUHQWLDOO\ H[SUHVVHG SURWHLQV WKDW KDYH
SRWHQWLDO DV GLVHDVH VSHFLILF ELRPDUNHUV IRU NLGQH\ GLVHDVH 7KLV
WHFKQRORJ\ ZLOO DLG LQ WKH GLDJQRVLV IRU RWKHU JHQHWLF DQG
DXWRLPPXQH UHODWHGGLVHDVHV)XQFWLRQDOFKDUDFWHUL]DWLRQRI WKHVH
GLVHDVHDVVRFLDWHGJHQHVSURWHLQVDQGVWHPFHOOVZLOOHOXFLGDWHRXU
XQGHUVWDQGLQJ RI WKH SDWKRJHQHVLV RI NLGQH\ GLVHDVHV FDQFHUV
QHXURORJLFDO FDUGLRYDVFXODU DQG VWHP FHOO GLVHDVHV LQ WKH *XOI
5HJLRQDQGWKURXJKRXWWKHZRUOG
'U&KDNHU$GUDLVWKH'LUHFWRURI7KH6WHP&HOO7KHUDS\
3URJUDP DW .LQJ )DLVDO 6SHFLDOLVW +RVSLWDO DQG 5HVHDUFK
&HQWUH5L\DGK6DXGL$UDELD&KDNHU$GUDLVDJHQHWLFLVW
ELRFKHPLVW PROHFXODU DQG FHOOXODU ELRORJLVW LQYHVWLJDWLQJ
WKHELRORJ\RIKHPDWRSRLHVLVFDQFHUDQGWKHPHFKDQLVPV
RI VWHPFHOO F\FOH UHJXODWLRQ6LQFHKLV FKLOGKRRGKHKDV
EHHQ LQWHUHVWHG LQ GLVFRYHULQJ WKH /DZV RI 3K\VLFV DQG
&KHPLVWU\DVPDQLIHVWHGLQ7KH/DQJXDJHRI*HQRPHVDQG
LQ /LYLQJ 2UJDQLVPV ,Q D VHULHV RI JURXQGEUHDNLQJ
H[SHULPHQWVKHGLVFRYHUHGVHYHUDOXQLYHUVDOJHQHIDPLOLHV
DQG ELRFKHPLFDO DQG SK\VLRORJLFDO SDWKZD\V RSHUDWLQJ LQ
\HDVW SODQWV DQLPDOV DQG KXPDQV +H FORQHG DQG
FKDUDFWHUL]HG WKH IDPLO\ RI WKH SKRVSKRJO\FHUDWH NLQDVH
JHQHV DQG SVHXGRJHQHV +H LGHQWLILHG WKH
SKRVSKRJO\FHUDWHNLQDVH 3*.SURPRWHUDQGFRQVWUXFWHG
WKH3*.1HR9HFWRU7KH3*.1HR&DVVHWWHLVEHLQJXVHG
DURXQG WKHZRUOG IRUJHQH WKHUDS\ WRHQJLQHHU WUDQVJHQLF
DQG NQRFNRXW DQLPDOV $OPRVW DOO ODERUDWRULHV DQG
SKDUPDFHXWLFDOFRPSDQLHVDUHHQJLQHHULQJPLFHXVLQJ7KH
3*.1HR &DVVHWWH WR XQGHUVWDQG WKH FDXVHV RI KXPDQ
GLVHDVHV DQG ILQG FXUHV IRU JHQHWLF FDUGLRYDVFXODU
QHXURGHJHQHUDWLYH UHQDO OLYHU DQG DXWRLPPXQH GLVHDVHV
GLDEHWHV DQG FDQFHU0RVW UHFHQWO\ KH GLVFRYHUHG VHYHUDO
QHZ FDQFHU DQG VWHP FHOO VSHFLILF ELRPDUNHUV +H LV WKH
LQYHQWRURIWZHOYH86$DQG,QWHUQDWLRQDO3DWHQWV
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)DPLOLDO K\SHUFKROHVWHUROHPLD )+& LV D PRQRJHQLF DXWRVRPDO GRPLQDQW GLVRUGHU FDXVHG E\ GHIHFWV LQ WKH ORZ GHQVLW\
OLSRSURWHLQ UHFHSWRU /'/5 7R GDWH PRUH WKDQ  PXWDWLRQV KDYH EHHQ LGHQWLILHG 7KH ZRUOGZLGH SUHYDOHQFH RI
KHWHUR]\JRXV)+&LVLQDQGLQDPLOOLRQIRUWKHKRPR]\JRXV)HZUHSRUWVGHVFULEH)+&PXWDWLRQVDPRQJ$UDE*XOI
SRSXODWLRQ,QWKLVVWXG\ZHGHVFULEHDQRYHOSUHYLRXVO\XQUHSRUWHGGHOHWLRQLQWKH/'/5RIWZRXQUHODWHG$UDE*XOIIDPLOLHV
0DWHULDOV DQG0HWKRGV1LQHWHHQ SDWLHQWV IURP WZR GLIIHUHQW IDPLOLHVZHUH VWXGLHG XVLQJ'1$ VHTXHQFH DQDO\VLV UHVWULFWLRQ
IUDJPHQW OHQJWK SRO\PRUSKLVP 5)/3 UHDOWLPH 57 3&5 DQG IORZF\WRPHWU\ WR FKDUDFWHUL]H /'/5 DQG HYDOXDWH LWV
H[SUHVVLRQ5HVXOWV'1$VHTXHQFHDQDO\VLVRIWKHKRPR]\JRWHLQGLYLGXDOVXQGHUJRLQJFKROHVWHURODSKHUHVLVVKRZHGDQRYHO
ESGHOHWLRQLQH[RQFGHO$7&7&&77&$OHDGLQJWRDIUDPHVKLIWDQGDSUHPDWXUHVWRSFRGRQ36&7*$DW
SRVLWLRQ F 7KHVH UHVXOWVZHUH FRQILUPHG XVLQJ%JO ,, UHVWULFWLRQ HQ]\PH DQG5)/3$OVR 573&5 UHYHDOHG WKDW
/'/5 P51$ LQ SHULSKHUDO EORRG O\PSKRF\WHV LV  DQG  IRU )+& KRPR]\JRWH DQG KHWHUR]\JRWH
LQGLYLGXDOVUHVSHFWLYHO\FRPSDUHGWRDKHDOWK\IDPLO\FRQWURO7KHORZOHYHOVRIP51$FRUUHODWHGZLWKWKHFHOOVXUIDFH
SURWHLQ H[SUHVVLRQ DV DVVHVVHG E\ IORZF\WRPHWU\ 8VLQJ /'/5VSHFLILF PRQRFORQDO RU SRO\FORQDO DQWLERGLHV ZH IRXQG QR
SURWHLQH[SUHVVLRQDWWKHFHOOVXUIDFHRIPRQRF\WHVWDNHQIURP)+&KRPR]\JRWHSHUVRQVZKLOHWKHPRQRF\WHVRIKHWHUR]\JRWH
SHUVRQVVKRZHGUHGXFHGFHOOVXUIDFHH[SUHVVLRQFRPSDUHGWRWKDWRIDKHDOWK\IDPLO\FRQWURO7DNHQWRJHWKHURXUUHVXOWVSUHGLFWD
FODVV,,/'/5PXWDWLRQGXH WRD WUXQFDWHGUHFHSWRU WKDWFRQWDLQVDG\VIXQFWLRQDOHSLGHUPDOJURZWKIDFWRUSUHFXUVRUKRPRORJ\
GRPDLQ DQG WKH GHOHWLRQ RI H[RQV  LHPLVVLQJ WKH2OLQNHG ULFK UHJLRQ WKHPHPEUDQH VSDQQLQJ DQG WKH F\WRSODVPLF
GRPDLQV&RQFOXVLRQV:HLGHQWLILHGDQRYHOESGHOHWLRQIROORZHGE\DIUDPHVKLIWDQGDSUHPDWXUHVWRSFRGRQLQWKH/'/5RI
WZRXQUHODWHG$UDEIDPLOLHV:HFDOOHGWKLVSRVVLEOHIRXQGHUPXWDWLRQʊWKH$UDELF$OOHOe”LQFRQWUDVWWRWKH/HEDQHVH$OOHOH:H
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HVVHQWLDO QXWULHQWV :H KDYH VKRZQ HDUOLHU WKDW PRWKHUV RI VPDOOIRUJHVWDWLRQDODJH 6*$ EDELHV KDG KLJKHU SODVPD
KRPRF\VWHLQH W+F\ FRQFHQWUDWLRQV GXULQJ SUHJQDQF\ :H QRZ UHSRUW WKH DVVRFLDWLRQ EHWZHHQ PDWHUQDO W+F\ OHYHOV DQG
RIIVSULQJELUWKZHLJKWLQWZR,QGLDQELUWKFRKRUWVDQGLQYHVWLJDWHWKHFDXVDOLW\RIWKLVDVVRFLDWLRQXVLQJ0HQGHOLDQUDQGRPL]DWLRQ
:H XVHG GDWD IURP WKH 3XQH0DWHUQDO 1XWULWLRQ 6WXG\ 3XQH ,QGLD 1  DQG 3DUWKHQRQ 6WXG\ 0\VRUH ,QGLD 1 
0DWHUQDOGHPRJUDSKLFDQWKURSRPHWULFDQGQXWULWLRQDOPHDVXUHPHQWVIRODWHYLWDPLQ%DQGW+F\FRQFHQWUDWLRQVZHUHPDGH
DW DURXQG ZHHNV JHVWDWLRQ DQG RIIVSULQJ ELUWK ZHLJKW ZDV UHFRUGHG %RWKPRWKHUV DQG FKLOGUHQ ZHUH JHQRW\SHG IRU WZR
SRO\PRUSKLVPVLQWKH07+)5JHQH&7DQG$&DQGWKHLQWHUUHODWLRQVKLSEHWZHHQWKHJHQRW\SHVPDWHUQDOELRFKHPLFDO
SDUDPHWHUVDQGWKHRIIVSULQJELUWKZHLJKWZDVLQYHVWLJDWHG1LQHWHHQSHUFHQWRIPRWKHUVZHUHK\SHUKRPRF\VWHLQHPLFW+F\!
PPROOKDG ORZIRODWHVWDWXV QPRO/ IRUHU\WKURF\WH IRODWHDQGQPRO/ IRUSODVPDIRODWHDQGKDG ORZ
YLWDPLQ%VWDWXVSPRO/0DWHUQDOKRPRF\VWHLQHOHYHOVZHUHLQYHUVHO\UHODWHGWRRIIVSULQJELUWKZHLJKWVWDQGDUGL]HG
ȕ S ZKLOHIRODWHFRQFHQWUDWLRQVZHUHGLUHFWO\DVVRFLDWHGVWDQGDUGL]HGȕ S +RZHYHUSODVPD%
OHYHOVKDGQRVLJQLILFDQWLQIOXHQFHRQWKHRIIVSULQJELUWKZHLJKW0DWHUQDO07+)5&7JHQRW\SHSUHGLFWHGKLJKHUOHYHOVRI





UHGXFH LQWUDXWHULQH JURZWK UHWDUGDWLRQ DQG LWV VKRUW DQG ORQJWHUP VHTXHOD 7KHVH REVHUYDWLRQV VKRXOG SURPRWH LQWHUHVW LQ D
SXEOLFKHDOWKLQWHUYHQWLRQWRLPSURYHYLWDPLQ%DQGIRODWHVWDWXVLQ\RXQJJLUOVLQ,QGLD
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(YROXWLRQDU\ IRUFHV RQ WKH JHQRPH KDYH JHQHUDWHG YDVW
JHQHWLFKHWHURJHQHLW\ LQKXPDQGLVHDVH0XWDWLRQ LQWURGXFHV
PDQ\QHZYDULDQWV LQHYHU\JHQHUDWLRQVRPHVHYHUHHQRXJK
WR FDXVH GLVHDVH 6XFKPXWDWLRQV DUH UDSLGO\ VHOHFWHG RXW RI
WKH SRSXODWLRQ EXW DUH UHSODFHG E\ QHZFRPHUV &XUUHQW
VHTXHQFLQJ WHFKQRORJLHV RIIHU WKH SRVVLELOLW\ IRU WKH ILUVW





0DU\&ODLUH .LQJ 3K' LV $PHULFDQ &DQFHU 6RFLHW\
5HVHDUFK3URIHVVRURI0HGLFLQHDQG*HQRPH6FLHQFHVDWWKH
8QLYHUVLW\ RI :DVKLQJWRQ LQ 6HDWWOH 6KH ZDV WKH ILUVW WR
SURYH WKDW EUHDVW FDQFHU LV LQKHULWHG LQ VRPH IDPLOLHV E\
JHQRPLF ORFDOL]DWLRQ RI WKH JHQH VKH QDPHG %5&$ 7KH
FKDUDFWHUL]DWLRQ RI LQKHULWHG EUHDVW DQG RYDULDQ FDQFHU
UHPDLQV KHU SULPDU\ UHVHDUFK IRFXV  +HU RWKHU UHVHDUFK
LQWHUHVWV LQFOXGH LQKHULWHG GHDIQHVV JHQHWLF LQIOXHQFHV RQ
VFKL]RSKUHQLDKXPDQJHQHWLFGLYHUVLW\DQGHYROXWLRQDQGWKH
DSSOLFDWLRQRIJHQRPLFV WRKXPDQULJKWVSUREOHPV'U.LQJ
JUHZ XS LQ &KLFDJR 6KH UHFHLYHG KHU %$ FXP ODXGH LQ
0DWKHPDWLFVIURP&DUOHWRQ&ROOHJHLQ1RUWKILHOG0LQQHVRWD
KHU 3K' LQ *HQHWLFV IURP 8QLYHUVLW\ RI &DOLIRUQLD DW
%HUNHOH\DQGKHUSRVWGRFWRUDOWUDLQLQJDW8&6DQ)UDQFLVFR
+HU 3K' GLVVHUWDWLRQ LQ  ZDV WKH GHPRQVWUDWLRQ WKDW
KXPDQDQGFKLPSDQ]HHVDUHLGHQWLFDOLQJHQHVHTXHQFHV
6KH VHUYHG DV 3URIHVVRU RI *HQHWLFV DW 8& %HUNHOH\ IURP
$WWKH8QLYHUVLW\RI:DVKLQJWRQVLQFHVKH
LV$PHULFDQ&DQFHU6RFLHW\3URIHVVRU LQ WKH'HSDUWPHQWVRI
0HGLFLQH DQG*HQRPH6FLHQFHV 6KH KDV DQ DGXOW GDXJKWHU
(PLO\ZKROLYHVDQGZRUNVLQ%HUNHOH\'U.LQJKDVVHUYHG
RQ WKH $GYLVRU\ &RPPLWWHH WR WKH 'LUHFWRU RI 1,+ WKH
1DWLRQDO &RPPLVVLRQ RQ %UHDVW &DQFHU RI WKH 3UHVLGHQW V
&DQFHU3DQHOWKH1DWLRQDO$FDGHP\RI6FLHQFHV
&RPPLWWHH
RQ 6FLHQFH (QJLQHHULQJ DQG 3XEOLF 3ROLF\ &26(383
PXOWLSOH 1DWLRQDO &DQFHU ,QVWLWXWH FRXQFLOV DQG SODQQLQJ
JURXSV PXOWLSOH 1,+ VWXG\ VHFWLRQV WKH &RXQFLO RI WKH
,QVWLWXWH RI0HGLFLQH WKH$GYLVRU\&RPPLWWHH IRU WKH1,+
2IILFH IRU5HVHDUFK RQ:RPHQ





5HVHDUFK3URJUDP DQG DV FRQVXOWDQW WR WKH&RPPLVVLRQ RQ
WKH'LVDSSHDUDQFH RI 3HUVRQV RI WKH5HSXEOLF RI$UJHQWLQD
+HU ODE KDV FDUULHG RXW '1$ LGHQWLILFDWLRQV IRU WKH 8QLWHG
1DWLRQV:DU&ULPHV7ULEXQDOV'U.LQJKDVEHHQHOHFWHGWR
3KL%HWD.DSSDDQG6LJPD;L WR WKH$PHULFDQ$VVRFLDWLRQ
IRU WKH$GYDQFHPHQWRI6FLHQFHDVD)HOORZ WR WKH,QVWLWXWH
RI0HGLFLQHWRWKH$PHULFDQ$FDGHP\RI$UWVDQG6FLHQFHV
DQGWRWKH1DWLRQDO$FDGHP\RI6FLHQFHVRIWKH86$DQGDVD
IRUHLJQ PHPEHU RI WKH )UHQFK $FDGHP\ RI 6FLHQFHV  6KH
UHFHLYHG WKH &ORZHV $ZDUG LQ %DVLF 5HVHDUFK IURP WKH
$PHULFDQ $VVRFLDWLRQ IRU &DQFHU 5HVHDUFK WKH -LOO 5RVH
$ZDUG IURP WKH %UHDVW &DQFHU 5HVHDUFK )RXQGDWLRQ WKH
%ULQNHU $ZDUG IURP WKH 6XVDQ * .RPHQ )RXQGDWLRQ WKH
*HQHWLFV $ZDUG IURP WKH 3HWHU *UXEHU )RXQGDWLRQ WKH
:HL]PDQQ $ZDUG IRU :RPHQ DQG 6FLHQFH WKH +HLQHNHQ
3UL]H IRU 0HGLFLQH IURP WKH 1HWKHUODQGV $FDGHP\ RI $UWV
DQG 6FLHQFHV DQG WKH $PHULFDQ &DQFHU 6RFLHW\ 0HGDO RI
+RQRU IRU &OLQLFDO 5HVHDUFK  6KH KDV UHFHLYHG KRQRUDU\
GRFWRUDWHV IURP &DUOHWRQ &ROOHJH 6PLWK &ROOHJH %DUG
&ROOHJH 'DUWPRXWK &ROOHJH 681< &ROXPELD 8QLYHUVLW\
+DUYDUG 8QLYHUVLW\ %URZQ 8QLYHUVLW\ WKH 8QLYHUVLW\ RI
/HXYHQ <DOH 8QLYHUVLW\ 7HO $YLY 8QLYHUVLW\ 3ULQFHWRQ
8QLYHUVLW\DQGWKH8QLYHUVLW\RI&DOLIRUQLD0HGDO
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/21* 63$1 3$,5('(1'7$* 0$33,1* 5(9($/6 &+$5$&7(5,67,& 3$77(516 2)
6758&785$/9$5,$7,216,1&$1&(5*(120(6

6RPDWLF JHQRPH UHDUUDQJHPHQWV DUH WKRXJKW WR SOD\
LPSRUWDQW UROHV LQ FDQFHU GHYHORSPHQW ,QGLYLGXDO WXPRUV
IUHTXHQWO\ H[KLELW GLIIHUHQW SDWWHUQV RI VRPDWLF PXWDWLRQV
JHQH FRS\ QXPEHU YDULDWLRQV GLIIHUHQWLDO JHQH H[SUHVVLRQ
SURILOHV DQGHSLJHQHWLFPRGLILFDWLRQV0RVWRI WKHFXUUHQWO\
LGHQWLILHG JHQHV DVVRFLDWHG ZLWK FDQFHUV FRQWULEXWH WR
RQFRJHQHVLV DV D FRQVHTXHQFH RI VRPDWLF JHQRPH
UHDUUDQJHPHQWV WKDW UHVXOW LQ IXVLRQ WUDQVFULSWV RU
WUDQVFULSWLRQDO GHUHJXODWLRQ 5HFHQW DGYDQFHV LQ '1$
VHTXHQFLQJ WHFKQRORJLHV UHQGHU LW SRVVLEOH WR V\VWHPDWLFDOO\
LGHQWLI\ WKH PDMRULW\ RI JHQRPLF UHDUUDQJHPHQWV XVLQJ D
JHQRPLF '1$ SDLUHGHQGWDJ '1$3(7 VHTXHQFLQJ DQG










FRPSDUHG WR VPDOO LQVHUW OLEUDULHVZLWK WKH VDPH VHTXHQFLQJ
HIIRUW :H KDYH DSSOLHG WKLV DSSURDFK WR FRPSUHKHQVLYHO\
FKDUDFWHUL]HWKH69VRIVHYHUDOFDQFHUJHQRPHV2XUDQDO\VHV
UHYHDOHG WKDW PRVW LQYHUVLRQV GHOHWLRQV DQG LQVHUWLRQV DUH
JHUPOLQH 69V ZKHUHDV WDQGHP GXSOLFDWLRQV XQSDLUHG
LQYHUVLRQV LQWHUFKURPRVRPDO WUDQVORFDWLRQV DQG FRPSOH[
UHDUUDQJHPHQWV DUH RYHUUHSUHVHQWHG DPRQJ VRPDWLF
UHDUUDQJHPHQWVLQHSLWKHOLDOFDQFHUJHQRPHV:HGHPRQVWUDWH
WKDWWKHTXDQWLWDWLYHDQGFRQQHFWLYHQDWXUHRI'1$3(7GDWD
LV SUHFLVH LQ GHOLQHDWLQJ WKH JHQHDORJ\ RI FRPSOH[
UHDUUDQJHPHQW HYHQWV )XUWKHUZH REVHUYH VLJQDWXUHVZKLFK
DUH FRPSDWLEOH ZLWK EUHDNDJHIXVLRQEULGJH F\FOHV DQG
GLVFRYHU WKDW ODUJH GXSOLFDWLRQV DUH DPRQJ WKH LQLWLDO
UHDUUDQJHPHQWV WKDW WULJJHU JHQRPH LQVWDELOLW\ IRU H[WHQVLYH
DPSOLILFDWLRQLQHSLWKHOLDOFDQFHUV:LWKIXUWKHURSWLPL]DWLRQ
IRU WKH FXUUHQW SURWRW\SH RI '1$3(7 DQDO\VLV DQG WKH
FRQWLQXRXVGURSRIVHTXHQFLQJFRVWZHH[SHFWWKLVDSSURDFK





6WUXFWXUDOYDULDQWVRI WKHKXPDQJHQRPHFRQWULEXWH WR LQWHU
LQGLYLGXDO GLIIHUHQFHV DQG FHUWDLQ VWUXFWXUDO UHDUUDQJHPHQWV
FDQ UHVXOW LQ VHYHUH FHOO ELRORJLFDO PDOIXQFWLRQ 0\ ILUVW
LQWHUHVW LV WR DQDO\]H JHQRPH VWUXFWXUH DOWHUDWLRQV ZKLFK
FRQWULEXWH WR WKH GHYHORSPHQW RI FDQFHU 7R LQYHVWLJDWH WKH
FKDUDFWHULVWLFVRIWKHFDQFHUJHQRPHZHXVHSDLUHGHQGGLWDJ
3(7 EDVHG KLJK WKURXJKSXW '1$ VHTXHQFLQJ
PHWKRGRORJLHV 7KH LGHQWLILFDWLRQ RI FDQFHUVSHFLILF
UHDUUDQJHPHQWV ZLOO KHOS XV WR XQGHUVWDQG WKH SURFHVVHV
LQYROYHG LQ WXPRULJHQHVLV $QRWKHU IRFXV RI PLQH LV WKH
GHWDLOHG DQDO\VLV RI VWUXFWXUDO YDULDQWV ZLWKLQ DQG DFURVV
SRSXODWLRQV ,Q DGGLWLRQ WR LPSURYLQJ WKH XQGHUVWDQGLQJ RI
WKH KXPDQ JHQRPH WKH VWUXFWXUDO YDULDQWV DUH SRWHQWLDO
PRGXODWRUV RI SKHQRW\SLF YDULDELOLW\ DQG HYROXWLRQDU\
DGYDQWDJH )XUWKHU , DP LQWHUHVWHG LQ JHQHWLF YDULDELOLW\
ZKLFK FRQWULEXWHV WR KDLU ORVV ,Q FROODERUDWLRQ ZLWK WKH
8QLYHUVLW\ RI %RQQ , ZRUN RQ WKH JHQHWLF EDVLV RI PDOH
SDWWHUQEDOGQHVV
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%5($67 &$1&(5 ,1 $5$% 3238/$7,216 )520 &$1&(525,(17(' *(120,& $1'
3527(20,&$3352$&+(672:$5'635(9(17,9($1'35(',&7,9(0(',&,1(

6KDQ -LQJ[XDQ 0DWKHZ 5HEHFFD 0DKIRXGK :LMGHQ %RXDRXLQD 1RXUHGGLQH *DEERXM 6DOORXKD $EGHOKDN 6RQLD
0HVVDRXG2OID0HJDUEDQH$QGUH-DONK1DGLQH$O%R]RP,VVDP+DVVHQ(OKDP&KRXFKDQH/RWIL
:HLOO &RUQHOO0HGLFDO &ROOHJH LQ 4DWDU 'RKD 4DWDU /DERUDWRU\ RI ,PPXQR2QFRORJ\ 8QLYHUVLW\ RI 0RQDVWLU 7XQLVLD
,QVWLWXW3DVWHXURI7XQLV7XQLVLD 8QLYHUVLW\6DLQW-RVHSK/HEDQRQ +DPDG0HGLFDO&RUSRUDWLRQ4DWDU ORF#TDWDU
PHGFRUQHOOHGX

%UHDVW&DQFHU UHPDLQVRQHRI WKH OHDGLQJFDXVHVRIGHDWKDPRQJ
ZRPHQ ZRUOGZLGH 7KH LQFLGHQFH RI WKH GLVHDVH KDV EHHQ
LQFUHDVLQJ LQ $UDE SRSXODWLRQV 7KH FROOHFWHG GDWD VXJJHVW WKDW
$UDE ZRPHQ PD\ H[SHULHQFH DQ HDUO\ DJH RI RQVHW DQG D
SUHSRQGHUDQFHRIDJJUHVVLYHEUHDVWFDQFHUSKHQRW\SH3DUWLFXODUO\
LPSRUWDQW LV WKH H[FHSWLRQDOO\ KLJK SUHYDOHQFH RI LQIODPPDWRU\
EUHDVW FDQFHU ,%& LQ $UDE SRSXODWLRQV 7KH UHSOLFDWLRQ RI WKH
DVVRFLDWLRQV IRXQG EHWZHHQ WKH QRYHO 613V DQG EUHDVW FDQFHU
UHYHDOHG E\ WKH UHFHQW JHQRPHZLGH DVVRFLDWLRQ VWXGLHV LQ
SRSXODWLRQV RWKHU WKDQ &DXFDVLDQV VXFK DV $UDE SRSXODWLRQV LV
HVVHQWLDO IRU WKH YDOLGDWLRQ RI WKHVH ILQGLQJV ,Q WKLV
FRPPXQLFDWLRQ , ZLOO VXPPDUL]H UHFHQW LQYHVWLJDWLRQV RI EUHDVW
FDQFHU FDQGLGDWH JHQHV DQG SURWHLQV ZKLFK WKHLU YDULDWLRQ PD\
SUHGLFW QRW RQO\ EUHDVW FDQFHU RQVHW LQ WKH$UDE SRSXODWLRQV EXW
DOVR WKH FOLQLFDO RXWFRPH 7KH SRWHQWLDO LGHQWLILFDWLRQ RI
SURWHLQVJHQHVDVVRFLDWHGVSHFLILFDOO\ZLWKWKHDJJUHVVLYHIRUPVRI
EUHDVW FDQFHU FRXOG VKHG OLJKW RQ WKH LPSRUWDQW PROHFXODU
SDWKZD\V RI PHWDVWDVHV DQG HYHQWXDOO\ FRXOG EH WUDQVODWHG LQWR
DOOHYLDWHDQGSUHYHQWLQJSRRUVXUYLYDORXWFRPHRIEUHDVWFDQFHU
'U /RWIL &KRXFKDQH LV SURIHVVRU LQ WKH GHSDUWPHQWV RI
JHQHWLF PHGLFLQH DQG PLFURELRORJ\ DQG LPPXQRORJ\ RI
:HLOO&RUQHOO0HGLFDO&ROOHJH LQ4DWDU :&0&4'U
&KRXFKDQH UHFHLYHG KLV 3K' LQ LPPXQRORJ\ IURP
3DVWHXU ,QVWLWXWH RI3DULV DQG WKH8QLYHUVLW\ RI3DULV9,,
)ROORZLQJ D IRXU\HDU SRVWGRFWRUDO SRVLWLRQ DW WKH
1DWLRQDO ,QVWLWXWH RI $OOHUJ\ DQG ,QIHFWLRXV 'LVHDVHV
1DWLRQDO ,QVWLWXWHV RI+HDOWK LQ WKH86 KH REWDLQHGKLV
'6FLQKXPDQJHQHWLFVDQGLPPXQRORJ\+HWKHQMRLQHG
WKH 1DWLRQDO ,QVWLWXWH RI 0HGLFDO 5HVHDUFK LQ 3DULV DV
YLVLWLQJ VFLHQWLVW %HIRUH MRLQLQJ:&0&4 LQ -XO\ 
3URI &KRXFKDQH ZDV DW WKH )DFXOW\ RI 0HGLFLQH RI
0RQDVWLU 8QLYHUVLW\ LQ 7XQLVLD ZKHUH KH ZRUNHG DV
SURIHVVRURIKXPDQJHQHWLFVDQGLPPXQRORJ\DQGFKLHIRI
WKH ODERUDWRU\ RI LPPXQRRQFRORJ\ +HZDV WKH FKDLU RI
WKHGHSDUWPHQWRIEDVLFVFLHQFHGXULQJWKHSHULRGEHWZHHQ
DQG'U&KRXFKDQH LV FXUUHQWO\ WKH$VVRFLDWH
'HDQIRU%DVLF6FLHQFH&XUULFXOXP$VVRFLDWH'LUHFWRURI
WKH 0ROHFXOHV *HQHV 	 &HOOV FRXUVH RI WKH VW \HDU
0HGLFDO 3URJUDP DQG WKH FRXUVH 'LUHFWRU RI WKH +XPDQ
*HQHWLFV &RXUVH RI WKH QG \HDU RI WKH 3UHPHGLFDO
3URJUDP DW :&0&4 +LV FXUUHQW UHVHDUFK LQWHUHVWV
LQFOXGH WKH JHQHWLFV DQG LPPXQRORJ\ RI PXOWLIDFWRULDO
GLVHDVHV LQFOXGLQJ FDQFHU REHVLW\ 	 'LDEHWHV 'U
&KRXFKDQH LV D PHPEHU RI WKH +XPDQ *HQRPH
2UJDQLVDWLRQ +8*2 D PHPEHU RI WKH VWHHULQJ
FRPPLWWHH RI WKH :+2 FRQVRUWLXP RI JHQHWLFV RI
QDVRSKDU\QJHDO FDQFHU DQG D PHPEHU RI WKH DGYLVRU\
ERDUGRIWKH&HQWUHIRU$UDE*HQRPLF6WXGLHVRI'XEDL
 
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&RPPRQ FDQFHUV LQFOXGLQJ EUHDVW FDQFHU H[KLELW IDPLOLDO
DJJUHJDWLRQ FRQVLVWHQW ZLWK VXEVWDQWLDO YDULDWLRQ LQ LQKHULWHG
VXVFHSWLELOLW\2YHUWKHSDVW\HDUVWKHXQGHUO\LQJJHQHWLFEDVLV
IRU WKLV VXVFHSWLELOLW\ KDV EHHQ LQFUHDVLQJO\ XQGHUVWRRG 7KUHH
LPSRUWDQWFODVVHVRIJHQHWLF ORFLKDYHEHHQ LGHQWLILHG ʊ+LJK
SHQHWUance” JHQHV SULQFLSDOO\%5&$ DQG%5&$0XWDWLRQV LQ
WKHVHJHQHVFRQIHUDKLJKOLIHWLPHULVNRIEUHDVWRYDULDQDQGRWKHU
FDQFHUV+RZHYHUPXWDWLRQV LQ WKHVH JHQHV DUH UDUH DQG H[SODLQ
OHVV WKDQ  RI WKH IDPLOLDO ULVN RI EUHDVW FDQFHU 
ʊ,QWHUPHGLDWHSHQHWUDQce” JHQHV FXUUHQWO\ LQFOXGH$70&+(.
%5,3 DQG 3$/% 0XWDWLRQV LQ WKHVH JHQHV FRQIHU D  IROG
LQFUHDVHG ULVN RI EUHDVW FDQFHU  &RPPRQ ʊORZSHQHWUDQFe” 
DOOHOHV SULQFLSDOO\ LGHQWLILHG WKURXJK JHQRPHZLGH DVVRFLDWLRQ
VWXGLHV *:$67KHUHDUHFXUUHQWO\DSSUR[LPDWHO\VXFK ORFL
7KH PRVW VLJQLILFDQW VXFK ORFL LQ )*)5 DQG 72; FRQIHU
UHODWLYH ULVNV RI  WR  IROG $OWRJHWKHU WKH NQRZQ ORFL
SUREDEO\ H[SODLQ  RI WKH IDPLOLDO DJJUHJDWLRQ RI EUHDVW
FDQFHULPSO\LQJWKDWPDQ\DGGLWLRQDOORFLUHPDLQWREHIRXQG,WLV
XQOLNHO\WKDWWKHUHDQ\IXUWKHULPSRUWDQWKLJKSHQHWUDQFHORFLEXW
PDQ\PRUH ORZHU SHQHWUDQFH ORFL VKRXOG EH LGHQWLILDEOH WKURXJK
*:$6 ODUJHVFDOH UHSOLFDWLRQ VWXGLHV DQG UHVHTXHQFLQJ 7KH
PXWDWLRQV LQ %5&$ DQG %5&$ DQG VR IDU WKRVH LQ WKH
LQWHUPHGLDWHULVNJHQHVLQYROYHLQDFWLYDWLQJFRGLQJDOWHUDWLRQV,Q
FRQWUDVW WKH ORZSHQHWUDQFH ORFL DUHRFFXU LQQRQFRGLQJ UHJLRQV
LQFOXGLQJʊJHQHGHVHrts”)DQGDUHSUHVXPDEO\UHJXODWRU\0RVWRI
WKHVH UHJLRQV KDYH QRW SUHYLRXVO\ EHHQ UHODWHG WR FDUFLQRJHQHVLV
DQGSRLQWWRQRYHOPHFKDQLVPV:KLOHWKHULVNVDVVRFLDWHGZLWKWKH
FRPPRQ ORZSHQHWUDQFH DOOHOHV DUH PRGHVW WKHVH ULVNV FRPELQH
PXOWLSOLFDWLYHO\ZLWKHDFKRWKHUDQGZLWK%5&$DQG%5&$7KLV
UDLVHV WKH SRVVLELOLW\ WKDW FRPPRQJHQHWLF YDULDWLRQPD\EHFRPH
LPSRUWDQW LQ ULVNSUHGLFWLRQ SDUWLFXODUO\ LQZRPHQZLWK D IDPLO\
KLVWRU\ RI WKH GLVHDVH 7KHUH DUH DOVR LPSRUWDQW GLIIHUHQFHV LQ
VXVFHSWLELOLW\ E\ WXPRU VXEW\SH %5&$ PXWDWLRQV SUHGLVSRVH
SUHGRPLQDWHO\ WR (5QHJDWLYH ʊ%DVDO” EUHDVW FDQFHU ZKHUHDV
PDQ\ RI WKH ORZSHQHWUDQFH ORFL DUH VSHFLILF WR (5SRVLWLYH
GLVHDVH 7KHVH SDWKRORJLFDO GLIIHUHQFHV PD\ KDYH LPSOLFDWLRQV
ERWKIRUULVNSUHGLFWLRQDQGSUHYHQWLRQ
'RXJODV (DVWRQ LV 3URIHVVRU RI *HQHWLF (SLGHPLRORJ\ DW
WKH 8QLYHUVLW\ RI &DPEULGJH DQG D 3ULQFLSDO 5HVHDUFK
)HOORZ RI &DQFHU 5HVHDUFK 8. +H LV DOVR KRQRUDU\
GLUHFWRURI6WUDQJHZD\V5HVHDUFK/DERUDWRU\+HUHFHLYHG
D ILUVW FODVV KRQRXUV GHJUHH LQ 0DWKHPDWLFV IURP WKH
8QLYHUVLW\ RI &DPEULGJH DQG D 3K' LQ JHQHWLF
HSLGHPLRORJ\DWWKH,QVWLWXWHRI&DQFHU5HVHDUFK/RQGRQ
+H ZDV HOHFWHG D )HOORZ RI WKH $FDGHP\ RI 0HGLFDO
6FLHQFHV LQ  ,Q  KHZDV DZDUGHG WKH LQDXJXUDO
2XWVWDQGLQJ ,QYHVWLJDWRU $ZDUG IRU %UHDVW &DQFHU
5HVHDUFK IURP WKH $PHULFDQ $VVRFLDWLRQ IRU &DQFHU
5HVHDUFKDQG6XVDQ*.RPHQIRUWKH&XUH+LVSULQFLSDO
UHVHDUFK LQWHUHVWV DUH LQ WKH JHQHWLF HSLGHPLRORJ\ RI
FRPPRQ GLVHDVHV HVSHFLDOO\ FDQFHU +LV PDMRU UHVHDUFK
FRQWULEXWLRQV KDYH LQYROYHG WKH GHVLJQ DQG DQDO\VLV RI
ODUJHVFDOH JHQHWLF HSLGHPLRORJLFDO VWXGLHV DQG WKH
GHYHORSPHQWRIVWDWLVWLFDOPHWKRGRORJ\+HZDVRQHRIWKH
OHDGLQJ LQYHVWLJDWRUV LQ WKHPDSSLQJRI WKH%5&$EUHDVW
FDQFHU SUHGLVSRVLWLRQ JHQH +H FRIRXQGHG WKH %UHDVW
&DQFHU /LQNDJH &RQVRUWLXP DQG KLV ZRUN OHDG WR WKH
GHYHORSPHQW RI UHOLDEOH ULVN HVWLPDWHV IRU %5&$ DQG
%5&$ FDUULHUV DQG WKH GHYHORSPHQW RI WKH ILUVW
FRPSUHKHQVLYH ULVN PRGHO IRU EUHDVW DQG RYDULDQ FDQFHU
%2$',&($0XFKRI KLV UHFHQWZRUNKDV IRFXVVHG RQ
WKH DQDO\VLV RI FRPPRQ ORZHU SHQHWUDQFH YDULDQWV LQ
FDQFHU+LVJURXS FRRUGLQDWHV WKH DQDO\VLVRI WKUHH ODUJH
LQWHUQDWLRQDO FRQVRUWLD WKH %UHDVW &DQFHU $VVRFLDWLRQ
&RQVRUWLXP %&$& 3URVWDWH &DQFHU $VVRFLDWLRQ *URXS
WR ,QYHVWLJDWH &DQFHU $VVRFLDWHG $OWHUDWLRQV LQ WKH
*HQRPH 35$&7,&$/ DQG WKH &RQVRUWLXP RI
,QYHVWLJDWRUVRI0RGLILHUVRI%5&$&,0%$+HOHG
WKHILUVWJHQRPHZLGHDVVRFLDWLRQVWXG\*:$6LQEUHDVW
FDQFHU ZKLFK UHVXOWHG LQ WKH LGHQWLILFDWLRQ RI WKH ILUVW
FRPPRQVXVFHSWLELOLW\YDULDQWVLQWKLVGLVHDVHDQGKDVFR
GLUHFWHG VXFFHVVIXO *:$6 LQ SURVWDWH HQGRPHWULDO DQG
WHVWLVFDQFHUWKDWKDYHOHGWRWKHLGHQWLILFDWLRQRIPXOWLSOH
JHQHWLF YDULDQWV IRU WKHVH GLVHDVHV +H LV DOVR HYDOXDWLQJ
WKHUROHRIUDUHUYDULDQWVLQEUHDVWDQGSURVWDWHFDQFHUDQG
VXVFHSWLELOLW\ WR FDQFHUUHODWHG WUDLWV LQFOXGLQJ EUHDVW
GHQVLW\VWHURLGKRUPRQHVDQGWHORPHUHOHQJWK
 
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ZH WHUP Ĵ)XQFWLRQDO )UDFWDOVµ WR LGHQWLI\ PHWDVWDVLV VXSSUHVVRU
JHQHV ,Q RUGHU WR XQGHUVWDQG D FRPSOH[ V\VWHP WKDW LQYROYHV D
ODUJHQXPEHURILQWHUDFWLQJFRPSRQHQWVVXFKDVFDQFHUPHWDVWDVLV
RQHQHHGVWRGHWHUPLQHWKHW\SHRIWLVVXHVGDWDFROOHFWHGDQGWKH
WHFKQRORJLHVDSSURDFKHV EHVW VXLWHG WR DGGUHVV FDQFHU
KHWHURJHQHLW\ DQG PXOWLGLPHQVLRQDO VLJQDOLQJ SDWKZD\
SHUWXUEDWLRQV &XUUHQW VRSKLVWLFDWHG WHFKQRORJLHV SDYHG WKH ZD\
WRZDUGV RXU XQGHUVWDQGLQJ RI FRPSOH[ V\VWHPV DQG WKHLU
KLHUDUFKLFDO DUFKLWHFWXUDO+RZHYHU IDFHGZLWK VXFK DPDJQLWXGH
RI IUDJPHQWHG GDWD VHWV FRPSRVHG RI KXQGUHGV RU WKRXVDQGV RI
JHQHV WKDW DUH GLIIHUHQWLDOO\ H[SUHVVHG RU FRS\QXPEHU DOWHUHG LW
UHPDLQV FKDOOHQJLQJ WR LGHQWLI\ LPSRUWDQW SOD\HUV LQ FRPSOH[
ELRORJLFDO RU SDWKRORJLFDO SURFHVVHV VXFK DV PHWDVWDVLV 8VLQJ
IXQFWLRQDO IUDFWDO LGHRORJ\ DLGHG E\ PLFURDUUD\ &*+ ZH
LGHQWLILHG D FRPPRQO\ GHUHJXODWHG PROHFXOH WHUPHG 5DI.LQDVH
LQKLELWRU SURWHLQ 5.,3 WKDW DSSHDUV WR KDYH DQ LPSRUWDQW
PHWDVWDVLV VXSSUHVVLRQ FKDUDFWHULVWLF LQ PDQ\ FDQFHU W\SHV :H
VKRZ WKDW 5.,3PD\ DWWDLQ VXFK SURSHUWLHV E\ LQKLELWLQJ VHYHUDO
SDWKZD\VLQFOXGLQJF5$)0$3.*5.1)ț%DQGDFWLYDWLQJ
*6.ȕ :H VKRZ WKDW 5.,3 UROH LQ FHOOV LV PRUH GLYHUVH WKDQ
SUHYLRXVO\WKRXJKW)XQGLQJ$JHQF\2XUVWXGLHVDUHVXSSRUWHGE\
IXQGV IURP WKH .XZDLW )RXQGDWLRQ IRU WKH $GYDQFHPHQW RI
6FLHQFHV JUDQW QXPEHU  DQG .XZDLW 8QLYHUVLW\
JUDQW 0* DQG 5HVHDUFK &RUH )DFLOLW\ *UDQW 1XPEHU
*0$1'*0
)DKG$O0XOOD UHFHLYHGKLV0HGLFDO'RFWRUDWH DQG3K'
IURP *ODVJRZ 8QLYHUVLW\ LQ WKH ILHOG RI FDQFHU JHQHWLFV
DQG PHWDVWDVLV 'U $O0XOOD LV WKH 'LUHFWRU RI WKH
5HVHDUFK &RUH )DFLOLW\ LQ .XZDLW 8QLYHUVLW\ +HDOWK
6FLHQFHV &HQWHU +H KHDGV D 0ROHFXODU 3DWKRORJ\ 8QLW
ZKLFK DLPV DW GHOLYHULQJ VWDWHRIWKHDUW WKHUDQRVWLFV $V
$VVLVWDQW9LFH3UHVLGHQWIRU5HVHDUFKKHKHDGHGWKHRIILFH
RI ([WHUQDO 5HVHDUFK &ROODERUDWLRQ LQ .XZDLW 8QLYHUVLW\
ZLWK DPDQGDWH WR EXLOG FROODERUDWLYHSDUWQHUVKLSV LQYHVW
LQVWLWXWLRQDO RXWSXWV JHQHUDWH FDSLWDO DQG UHVRXUFHV DQG
SURPRWHSXEOLFDZDUHQHVVDVUHJDUGV WR WKH LPSRUWDQFHRI
VFLHQWLILF UHVHDUFKRXWSXWV LQUHVROYLQJVRFLHW\µVSUREOHPV
DQGLQH[SHGLWLQJWKHGHYHORSPHQWSURFHVV'U$O0XOODLV
D SLRQHHU LQ WKH LGHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI
PHWDVWDVLV VXSSUHVVRU JHQHV ,W LV H[SHFWHG WKDW KLV ZRUN
ZLOO UHVXOW LQ WKH LGHQWLILFDWLRQ RI FOLQLFDOO\ XVHIXO FDQFHU
ELRPDUNHUVLQWKHQHDUIXWXUH
 
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$1$/<6,6 2) 7(/20(5( '<1$0,&6 ,1 3(5,3+(5$/ %/22' &(//6 )520 /<1&+
6<1'520(3$7,(176





0HGLFLQH DQG0HGLFDO 6SHFLDOWLHV 0HGLFLQH , 8QLYHUVLW\ RI0RGHQD DQG 5HJJLR (PLOLD ,WDO\ 'HSDUWPHQW RI /DERUDWRU\
3DWKRORJ\DQG/HJDO0HGLFLQH8QLYHUVLW\+RVSLWDO3ROLFOLQLFRGL%DUL%DUL,WDO\ 'HSDUWPHQWRI6WDWLVWLFDO6FLHQFHV³$OGR




UHSDLU 005JHQHVFDXVHDDKLJKO\ LQFUHDVHGULVNRIGHYHORSLQJFDQFHUVPDLQO\ LQ WKHFRORQDQG WKHHQGRPHWULXPDQG OHVV
IUHTXHQWO\ LQ RWKHU WDUJHW RUJDQV VXFK DV VWRPDFK VNLQ DQG JHQLWRXULQDU\ WUDFW7KHPDQDJHPHQW RI/\QFK SDWLHQW
V WR GDWH
UHSUHVHQWVDPDMRUFKDOOHQJHGXH WR WKH ODUJHYDULDELOLW\ LQDJHDWFDQFHURQVHW6HYHUDO IDFWRUV LQFOXGLQJJHQHWLFDQWLFLSDWLRQ
KDYH EHHQ SURSRVHG WR H[SODLQ WKLV SKHQRW\SLF KHWHURJHQHLW\ EXW WKH PROHFXODU PHFKDQLVPV UHPDLQ XQNQRZQ 7HORPHUH
VKRUWHQLQJ LV D FRPPRQHYHQW LQ WXPRULJHQHVLV DQGKDVEHHQREVHUYHG DOVR LQGLIIHUHQW IDPLOLDO FDQFHUV:H LQYHVWLJDWHG WKH











D VWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQW WUHQGZDVREVHUYHGIRU0/+DQG06+FDUULHUV 0/+U 3 06+U 
3  DQG 3  IRU WKH GLIIHUHQFH 7KHUHIRUH LQ06+ FDUULHUV WKH ORZHVW WKH ORZHVW 76 YDOXHV ZHUH REVHUYHG LQ
SDWLHQWVZLWKODWHRQVHWFDQFHUZKLOHDQRSSRVLWHWUHQGIRUORQJHUWHORPHUHLQSDWLHQWVZLWKGHOD\HGRQVHWZDVSUHVHQWLQ0/+
2XU GDWD VXJJHVW WKDW WHORPHUH G\QDPLFV DUH GLIIHUHQW EHWZHHQ 0/+ DQG 06+ PXWDWLRQ FDUULHUV 6XEWOH JHQHVSHFLILF
PHFKDQLVPV FDQ EH SRVVLEO\ OLQNHG WR FDQFHU RQVHW DQG DQWLFLSDWLRQ LQ /\QFK V\QGURPH $FNQRZOHGJHPHQWV 6XSSRUWHG E\
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+DQGH 3UDNDVK *XUXQJ 5HVKDP /DO 6HWKX 6ZDPLQDWKDQ /LP 6KL 1L .RK %HUQDUG -LQJ =KL 9HQNDWHVDQ 6KULUDP
*RSDODNULVKQDQ.DOSDQD6DPHQL6DIRXUD.KDZ$LN.LD-D\DSDO0DQLNDQGDQ






WZRGLIIHUHQW WHORPHUDVH LQKLELWRUV LQEUDLQ WXPRUFHOOV PHGXOOREODVWRPDDQGJOLREODVWRPD  ,Q DQ LQWHJUDWHGDSSURDFKXVLQJ
PXOWLFRORUIOXRUHVFHQFHLQVLWXK\EULGL]DWLRQDUUD\FRPSDUDWLYHJHQRPLFK\EULGL]DWLRQDQGF'1$PLFURDUUD\DQDO\VLVZHKDYH
GHWHUPLQHG WKH JHQHWLFPDNHXS RI WKH EUDLQ FDQFHU FHOOV XVHG LQ WKH VWXG\  ,Q DGGLWLRQ WR WKH GLVUXSWLRQ RI WHORPHUH OHQJWK
PDLQWHQDQFH WKH\ GHFUHDVHG WXPRU FHOO YLDELOLW\ LQGXFHG FHOO F\FOH DUUHVW DQG'1$GDPDJH5HSDLU RI WHORPHUDVH LQKLELWRU
LQGXFHG'1$ GDPDJH LQYROYHG DFWLYDWLRQ RI '1$3.FV SURWHLQZLWK LQKLELWLRQ RI '1$3.FV DFWLYLW\ FDXVLQJ GHOD\ LQ WKH
UHSDLU RI LQGXFHG '1$ GDPDJH $GGLWLRQDOO\ WHORPHUH G\VIXQFWLRQDO IRFL ZHUH PRUH GHWHFWDEOH LQ '1$3.FV GHILFLHQW
JOLREODVWRPDFHOOVDVFRPSDUHGWR'1$3.FVSURILFLHQWJOLREODVWRPDFHOOV7KHREVHUYHGWKHUDSHXWLFSRWHQWLDOLQWKHEUDLQWXPRU
FHOOVLPSURYHGZKHQWKH\ZHUHFRPELQHGZLWKWKHLQKLELWLRQRIFHUWDLQVHOHFWLYH'1$UHSDLUIDFWRUVVXFKDV3$53DQG'1$
3.FV:H KDYH DOVR REVHUYHG WKH UDGLRVHQVLWLVDWLRQ SRWHQWLDO RI WKHVH WHORPHUDVH LQKLELWRUV LQ EUDLQ WXPRU FHOOV 7KHUHIRUH
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1H[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV DUH WUDQVIRUPLQJ WKH
ILHOG RI JHQRPLF VFLHQFH DQG WKH '1$ VHTXHQFLQJ EDVHG
DSSURDFKHV DUH SHQHWUDWLQJ LQ DOPRVW HYHU\ WRSLFV RI PRGHUQ






\RX KHOS"<HV D WHDPRI H[SHUWV LV DVVHPEOHG LQ WKLV VHVVLRQ WR
VSHFLILFDOO\DGGUHVVWKHVHTXHVWLRQV&ROOHFWLYHO\ WKH\ZLOOFRYHU






$VVRFLDWH 'LUHFWRU RI *HQRPLFV 7HFKQRORJ\ DW WKH
*HQRPH ,QVWLWXWH RI6LQJDSRUH+LV SULPDU\ LQWHUHVW LV WR
HOXFLGDWH WKH VWUXFWXUHV DQG G\QDPLFV RI DOO IXQFWLRQDO
'1$HOHPHQWVLQFRPSOH[JHQRPHVWKURXJKWUDQVFULSWRPH




'1$ VHTXHQFLQJ DQG PDSSLQJ PHWKRGRORJLHV 7KHVH
VHTXHQFLQJEDVHG PHDVXUHPHQWV DUH XVHG WR DGGUHVV
FRPSOH[ ELRORJLFDO TXHVWLRQV VXFK DV KRZ FDQFHU FHOOV
SURJUHVV DQG KRZ VWHP FHOOV PDLQWDLQ WKHLU XQLTXH
SURSHUWLHV $QRWKHU PDMRU LQWHUHVW RI 'U 5XDQ LV WR
GLVFRYHU SUHYLRXVO\ XQFKDUDFWHUL]HG PLFURELDO JHQHV DQG
JHQRPHVWKDWDUHUHOHYDQWWRKXPDQKHDOWK7RWKLVHQGKLV
ODEKDV HVWDEOLVKHG DPHWDJHQRPHDQDO\VLV FDSDELOLW\ WKDW
LQFOXGHV D ILOWUDWLRQ V\VWHP IRU LVRODWLQJ XQFXOWXUHG
PLFUREHVVKRWJXQDQG3(7VHTXHQFLQJRIPHWDJHQRPHVWR
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1H[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV DUH WUDQVIRUPLQJ WKH
ILHOG RI JHQRPLF VFLHQFH DQG WKH '1$ VHTXHQFLQJ EDVHG
DSSURDFKHV DUH SHQHWUDWLQJ LQ DOPRVW HYHU\ WRSLFV RI PRGHUQ






\RX KHOS"<HV D WHDPRI H[SHUWV LV DVVHPEOHG LQ WKLV VHVVLRQ WR
VSHFLILFDOO\DGGUHVVWKHVHTXHVWLRQV&ROOHFWLYHO\ WKH\ZLOOFRYHU









VHTXHQFLQJ SODWIRUP WR VWXG\ JHQRPH YDULDWLRQ DQG
WUDQVFULSWLRQ UHJXODWLRQ LQ FRPSOH[ ELRORJLFDO V\VWHPV
3ULRU WR MRLQLQJ *HQRPH ,QVWLWXWH RI 6LQJDSRUH +HUYH
ZRUNHGIRU\HDUVLQWKH)UHQFK%LRWHFKQRORJ\&RPSDQ\
*(16(76$DVWHDPOHDGHURIWKH0DSSLQJ3URGXFWLRQ
JURXS +HUYH KROGV D %6F LQ ,QGXVWULDO %LR
H[SHULPHQWDWLRQIURP(67%$3DULV&RQFXUUHQWO\KHLV
DOVRSXUVXLQJJUDGXDWHVWXGLHVLQ%LRORJLFDO(QJLQHHULQJDW
WKH 8QLYHUVLWp GH 7HFKQRORJLH GH &RPSLqJQH 87&
FRQIHUULQJWKHGLSO{PHGµLQJpQLHXU
 
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1H[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV DUH WUDQVIRUPLQJ WKH
ILHOG RI JHQRPLF VFLHQFH DQG WKH '1$ VHTXHQFLQJ EDVHG
DSSURDFKHV DUH SHQHWUDWLQJ LQ DOPRVW HYHU\ WRSLFV RI PRGHUQ






\RX KHOS"<HV D WHDPRI H[SHUWV LV DVVHPEOHG LQ WKLV VHVVLRQ WR
VSHFLILFDOO\DGGUHVVWKHVHTXHVWLRQV&ROOHFWLYHO\ WKH\ZLOOFRYHU





5DSLG DGYDQFH LQ '1$ VHTXHQFLQJ WHFKQRORJLHV KDV
RSHQHGEUDQGQHZRSSRUWXQLWLHVIRUELRPHGLFDOUHVHDUFKHV
DQG FOLQLF DSSOLFDWLRQV 7KH SDLUHGHQG GL7DJ 3(7
VHTXHQFLQJPHWKRGVLQYHQWHGE\*,6VFLHQWLVWVKDYHEHHQ
LQWHJUDWHG ZLWK QH[WJHQHUDWLRQ VHTXHQFHU SODWIRUPV VXFK
DV*6)/;6ROH[D*$,,DQG$%,62/L'0\FXUUHQW
IRFXVLVWRVWUHDPOLQHWKHH[LVWLQJ3(7PHWKRGRORJLHVDQG
GHYHORS QHZ VHTXHQFLQJ DSSURDFKHV LQFOXGLQJ DXWRPDWHG
3(7 SLSHOLQHV IRU ZKROH JHQRPH WUDQVFULSWRPH DQG
FKURPDWLQ LQWHUDFWRPHDQDO\VHV:HDUHDFWLYHO\DSSO\LQJ
WKH 3(7 WHFKQRORJLHV WR DGGUHVV EURDGHU LQWHUHVWV LQ
JHQRPLF UHVHDUFKHV DQG ELRPHGLFDO LPSOHPHQWDWLRQV
WKURXJK LQWHUQDO DQG H[WHUQDO FROODERUDWLRQ SURMHFWV 2XU
XOWLPDWH JRDO LV WR HVWDEOLVK D UREXVW DQG FRVWHIIHFWLYH
'1$ VHTXHQFLQJ SODWIRUP WR GHOLYHU SHUVRQDOL]HG
JHQRPLFVVROXWLRQVWRDOOSDWLHQWVDQGLQGLYLGXDOV
 
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1H[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV DUH WUDQVIRUPLQJ WKH
ILHOG RI JHQRPLF VFLHQFH DQG WKH '1$ VHTXHQFLQJ EDVHG
DSSURDFKHV DUH SHQHWUDWLQJ LQ DOPRVW HYHU\ WRSLFV RI PRGHUQ






\RX KHOS"<HV D WHDPRI H[SHUWV LV DVVHPEOHG LQ WKLV VHVVLRQ WR
VSHFLILFDOO\DGGUHVVWKHVHTXHVWLRQV&ROOHFWLYHO\ WKH\ZLOOFRYHU





$WLI MRLQHG *HQRPH ,QVWLWXWH RI 6LQJDSRUH LQ   +H
FXUUHQWO\ PDQDJHV WHDPV UHVSRQVLEOH IRU LQIRUPDWLRQ
WHFKQRORJ\ LQIUDVWUXFWXUH DQG ELRLQIRUPDWLFV VXSSRUW IRU
QH[W JHQHUDWLRQ VHTXHQFLQJ SODWIRUPV 3ULRU WR MRLQLQJ
*HQRPH ,QVWLWXWH RI 6LQJDSRUH $WLI ZDV D PDQDJHU LQ D
VLVWHU LQVWLWXWH %LRLQIRUPDWLFV ,QVWLWXWH $67$5  $WLI
JUDGXDWHGZLWKD%DFKHORUVRI(QJLQHHULQJDQG0DVWHUVLQ
&RPSXWHU 6FLHQFH IURP8QLYHUVLW\ RI1HZ6RXWK:DOHV
$XVWUDOLD
 
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1H[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV DUH WUDQVIRUPLQJ WKH
ILHOG RI JHQRPLF VFLHQFH DQG WKH '1$ VHTXHQFLQJ EDVHG
DSSURDFKHV DUH SHQHWUDWLQJ LQ DOPRVW HYHU\ WRSLFV RI PRGHUQ






\RX KHOS"<HV D WHDPRI H[SHUWV LV DVVHPEOHG LQ WKLV VHVVLRQ WR
VSHFLILFDOO\DGGUHVVWKHVHTXHVWLRQV&ROOHFWLYHO\ WKH\ZLOOFRYHU





6WUXFWXUDO YDULDQWV RI WKH KXPDQ JHQRPH FRQWULEXWH WR
LQWHULQGLYLGXDO GLIIHUHQFHV DQG FHUWDLQ VWUXFWXUDO
UHDUUDQJHPHQWV FDQ UHVXOW LQ VHYHUH FHOO ELRORJLFDO
PDOIXQFWLRQ 0\ ILUVW LQWHUHVW LV WR DQDO\]H JHQRPH
VWUXFWXUH DOWHUDWLRQV ZKLFK FRQWULEXWH WR WKH GHYHORSPHQW
RI FDQFHU7R LQYHVWLJDWH WKH FKDUDFWHULVWLFV RI WKH FDQFHU
JHQRPH ZH XVH SDLUHGHQGGLWDJ 3(7 EDVHG KLJK
WKURXJKSXW '1$ VHTXHQFLQJ PHWKRGRORJLHV 7KH
LGHQWLILFDWLRQ RI FDQFHUVSHFLILF UHDUUDQJHPHQWV ZLOO KHOS
XV WRXQGHUVWDQG WKHSURFHVVHV LQYROYHG LQ WXPRULJHQHVLV
$QRWKHUIRFXVRIPLQHLVWKHGHWDLOHGDQDO\VLVRIVWUXFWXUDO
YDULDQWV ZLWKLQ DQG DFURVV SRSXODWLRQV ,Q DGGLWLRQ WR
LPSURYLQJ WKH XQGHUVWDQGLQJ RI WKH KXPDQ JHQRPH WKH
VWUXFWXUDO YDULDQWV DUH SRWHQWLDOPRGXODWRUV RI SKHQRW\SLF
YDULDELOLW\ DQG HYROXWLRQDU\ DGYDQWDJH )XUWKHU , DP
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DW WKH 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD ,Q  KH
PRYHG WR WKH8QLYHUVLW\RI0RQWUHDO WR VWDUWSRVWGRFWRUDO
UHVHDUFKRQJHQHUHJXODWRU\QHWZRUNVZLWK'DYLG6DQNRII
,QKHDFFHSWHGDSRVLWLRQDWWKH*HQRPH,QVWLWXWHRI
6LQJDSRUH ZKHUH KH EHFDPH 6HQLRU *URXS /HDGHU DQG
$VVRF 'LUHFWRU RI &RPSXWDWLRQDO 	 0DWKHPDWLFDO
%LRORJ\ $W WKLV ,QVWLWXWH KH KHOSHG VHWXS DQG ZDV
UHVSRQVLEOH IRU WKH ,7 LQIUDVWUXFWXUH /,06 DQG DQDO\VLV
SLSHOLQHV DVVRFLDWHG ZLWK  1H[W*HQHUDWLRQ VHTXHQFLQJ
LQVWUXPHQWV,QKHPRYHGWR0F*LOO8QLYHUVLW\DVD
IDFXOW\PHPEHULQWKH'HSDUWPHQWRI+XPDQ*HQHWLFVDQG
WKH 'LUHFWRU RI %LRLQIRUPDWLFV DW WKH 0F*LOO 8QLYHUVLW\
DQG *HQRPH 4XHEHF ,QQRYDWLRQ &HQWHU +LV UHVHDUFK
LQWHUHVWV DUH LQ IXQFWLRQDO JHQRPLFV ZLWK D VSHFLDO
HPSKDVLV RQ DSSOLFDWLRQV RI QH[WJHQHUDWLRQ VHTXHQFLQJ
WHFKQRORJLHV
 
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5HFHQW WHFKQRORJLFDO DGYDQFHV DUH UDSLGO\ EULQJLQJ XV FORVH WR D
IXWXUH ZKHUH PHGLFDO WUHDWPHQWV FDQ EH LQIRUPHG E\ DQ
LQGLYLGXDO
VXQLTXHJHQHWLFPDNHXS ,Q WKLVVHVVLRQ ,ZLOOSUHVHQW
DQRYHUYLHZRIH[LVWLQJDQGHPHUJLQJWHFKQRORJLHVWKDWDUHPDNLQJ
WKLVSRVVLEOH ,ZLOODOVRRXWOLQH WKHFRPSXWDWLRQDOFKDOOHQJHVDQG
WKH WRROV FXUUHQWO\ DYDLODEOH IRU DQDO\]LQJ WKLV LQIRUPDWLRQ DQG
UHFRQVWUXFWLQJ SHUVRQDO DQG GLVHDVH JHQRPHV IRFXVLQJ LQ
SDUWLFXODURQFDQFHUJHQRPLFV
$GYDQFHV LQ VHTXHQFLQJ WHFKQRORJ\ KDYH FKDQJHG WKH
ODQGVFDSH RI UHVHDUFK LQ &RPSXWDWLRQDOO\ %LRORJ\
SURYLGLQJ UHVHDUFKHUV ZLWK D IORRG RI LQIRUPDWLRQ DERXW
ELRORJLFDO VHTXHQFHV 2XU UHVHDUFK IRFXVHV RQ VWDWLVWLFDO
DQGDOJRULWKPLFDSSURDFKHVWRPDNHVHQVHRIWKLVGDWDDQG
SURYLGHELRORJLFDOLQVLJKWV6RPHRIWKHDUHDVWKDWZHZRUN
RQ LQFOXGH *HQRPH$VVHPEO\  2XU DELOLW\ WR VWXG\
YDULRXV JHQRPHV LV GHSHQGHQW RQ FRPSXWDWLRQDO WRROV WR






DQG (XNDU\RWLF JHQRPHV  3DQJHQRPLFV  $QDO\]LQJ
DQG FDWDORJXLQJ JHQRPLF GLIIHUHQFHV EHWZHHQ LQGLYLGXDOV
RIDVSHFLHVRUVWUDLQVRIDPLFURELDOVSHFLHVRUJHQXVLV
FULWLFDO IRU XQGHUVWDQGLQJ WKH JHQRPLF EDVLV IRU YDULRXV
SKHQRW\SHV 7KHVH GLIIHUHQFHV FDQ EH VXEWOH DQG FDQ
VRPHWLPHV EH LQ XQH[SHFWHG SODFHV UHSHDW HOHPHQWV
LQWURQLFUHJLRQVHWFDQGLQRXUZRUNZHGHYHORSVWDWLVWLFDO
DSSURDFKHV WR LGHQWLI\ VXFK GLIIHUHQFHV ZLWK KLJK
FRQILGHQFH  0HWDJHQRPLFV LV D QHZ DUHD RI VWXG\
JHDUHG WRZDUGV XQGHUVWDQGLQJ RI PLFURELDO FRPPXQLWLHV
DQGWKHLULPSDFWRQGLYHUVHHQYLURQPHQWVIURPWKHKXPDQ
ERG\ WR HQWLUH PDULQH HFRV\VWHPV 2XU ZRUN LV JHDUHG
WRZDUGVWKHGHVLJQRIQRYHO WRROV WRDLGLQ WKHDQDO\VLVRI
PHWDJHQRPLF GDWDVHWV ERWKPDUNHU VHTXHQFHV DVZHOO DV
ZKROHJHQRPHVKRWJXQVHTXHQFHV
 
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WKHVH JHQHWLF YDULDQWV KDYH EHHQ LGHQWLILHG E\ ZKROH JHQRPH RU
H[RPHVHTXHQFLQJ WKHFKDOOHQJH LV WRFKDUDFWHUL]H WKHVHYDULDQWV
,Q WKLV VHVVLRQ , GHVFULEH UHVRXUFHV DQG PHWKRGV WR LGHQWLI\
IXQFWLRQDOO\ UHOHYDQW YDULDQWV , ZLOO GHPRQVWUDWH KRZ
ELRLQIRUPDWLF WRROV FDQ UHYHDO SKHQRW\SLF WUDLWV RI DQ LQGLYLGXDO
WKXVSDYLQJWKHZD\WRSHUVRQDOL]HGPHGLFLQH
7KHPDMRUUHVHDUFKIRFXVRIP\JURXSLVXQGHUVWDQGLQJWKH
UHODWLRQVKLS EHWZHHQ JHQRW\SH DQG SKHQRW\SH 7KLV
LQFOXGHVUHVHDUFK LQSHUVRQDOL]HGPHGLFLQHXQGHUVWDQGLQJ
GLVHDVH PXWDWLRQV DQG ZRUNLQJ ZLWK QH[WJHQHUDWLRQ
VHTXHQFLQJ WHFKQRORJLHV DQG SURWHLQ VHTXHQFH
3HUVRQDOL]HG *HQRPLFV , KDYH DQDO\]HG WKH SHUVRQDO
JHQRPHRI&UDLJ9HQWHULQJUHDWGHWDLO,KDYHVKRZQWKDW
JHQRPH VHTXHQFLQJ FDQ KHOS LPSURYH LQGLYLGXDO GUXJ
SUHVFULSWLRQV E\ VWXG\LQJ'U&UDLJ9HQWHUµV DQG'U -LP
:DWVRQµVJHQRPHV,KDYHDOVRUHFRPPHQGHGJXLGHOLQHVWR
GLUHFWWRFRQVXPHU JHQHWLF FRPSDQLHV VXFK DV DQG0H
DQG 1DYLJHQLFV IRU LPSURYLQJ GLVHDVH ULVN SUHGLFWLRQV




DOJRULWKP LV RIWHQ DSSOLHG WR QRQV\QRQ\PRXV YDULDQWV
7HFKQRORJ\ $V D 6HQLRU %LRLQIRUPDWLFLVW DW ,OOXPLQD ,
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&RPPXQLFDWLRQ 7HFKQRORJ\ ,&7 FKDOOHQJHV VXUURXQGLQJ WKH
NQRZOHGJH WKDW XQGHUSLQV GHFLVLRQV DERXW SHUVRQDO SDWLHQW DQG
FRPPXQLW\KHDOWK'HVSLWHH[FHOOHQWSURJUHVV LQGLVHDVHUHVHDUFK
YHU\OLWWOHRIWKHUHVXOWLQJPDVVRIQHZNQRZOHGJHJHWVWKURXJKWR
WKH SDWLHQW RU WKHLU GRFWRU LQ D FRQYHQLHQFH DQG XVHDEOH IRUPDW
7KHUHDUHWKUHHNH\UHDVRQVIRUWKLV'RFWRUVDQGSDWLHQWVKDYH
D OLPLWHG XQGHUVWDQGLQJ RIPRGHUQ JHQHWLFV DQG RWKHU ELRVFLHQFH




LV GLIILFXOW RU LPSRVVLEOH WR ORFDWH VLQFH PXFK RI LW LV QHYHU
UHSRUWHG LQ VWUXFWXUHG HOHFWURQLF IRUPDW DQG WKH SRUWLRQ WKDW LV
UHSRUWHGLVGLVSHUVHGDFURVVPXOWLSOHGDWDVLORVRIWHQZLWKFRPSOH[
DQG EXUGHQVRPH GDWD DFFHVV PHFKDQLVPV %ULGJLQJ WKLV PDMRU
Ĵ,&7JDSµZLOOUHTXLUHDODUJHVFDOHDQGJOREDOO\RUFKHVWUDWHGQHZ
GLVFLSOLQH WR EH ODXQFKHG  ZKLFK ZH SURSRVH WR FDOO 
,+HDOWK
,QIRUPDWLFV







LW7KH V\VWHP VKRXOG EH 
VHOIRSWLPL]LQJ WR FRQWLQXDOO\ JHQHUDWH




3URIHVVRU %URRNHV LV DQ LQWHUQDWLRQDOO\ UHFRJQL]HG OHDGHU
LQ JHQRPLFV DQG ELRLQIRUPDWLFV KDYLQJ PDGH VLJQLILFDQW
FRQWULEXWLRQV WR PHWKRG GHYHORSPHQW GLVHDVH DQG
SRSXODWLRQJHQHWLFV'1$YDULDWLRQDQDO\VLVDQGGDWDEDVH
V\VWHPV IRU RUJDQL]LQJ JHQHGLVHDVH LQIRUPDWLRQ +LV
SXEOLFDWLRQV LQFOXGH RYHU  SHHUUHYLHZHG DUWLFOHV DQG
UHYLHZVDQGKHKDVILOHGSDWHQWDSSOLFDWLRQVRQFORQLQJ
JHQRW\SLQJ DQG'1$ DQDO\VLV 3URIHVVRU %URRNHV EHJDQ
KLV UHVHDUFK FDUHHU LQ WKH 8. E\ DFKLHYLQJ D ILUVW FODVV
GHJUHH LQ 0HGLFLQH DQG 0HGLFDO %LRFKHPLVWU\ DW WKH
8QLYHUVLW\ RI 0DQFKHVWHU IROORZHG E\ D PROHFXODU
JHQHWLFV 3K' DW WKH ,PSHULDO &DQFHU 5HVHDUFK )XQG DQG
WKH8QLYHUVLW\ RI/RQGRQ+H WKHQ HVWDEOLVKHG D UHVHDUFK
JURXS LQ WKH 05& +XPDQ *HQHWLFV 8QLW LQ (GLQEXUJK
ZKHUHKLVWHDPZDVLQYROYHGLQLGHQWLI\LQJWKH3UHVHQLOLQ
 JHQH WKDW FDXVHV$O]KHLPHUV'LVHDVH 6XEVHTXHQWO\ KH
PRYHG WR 6ZHGHQ ILUVW WR 8SSVDOD 8QLYHUVLW\ ZKHUH KH
UHFHLYHG'RFHQWXUHLQ*HQHWLFVDQGWKHQWRWKH.DUROLQVND
,QVWLWXWH ZKHUH KH ZDV DZDUGHG ERWK 'RFHQWXUH DQG D
3URIHVVRUVKLS LQ *HQRPH 5HVHDUFK 3URIHVVRU %URRNHV
QRZKROGVD&KDLULQ%LRLQIRUPDWLFVDQG*HQRPLFVDWWKH
8QLYHUVLW\ RI /HLFHVWHU LQ WKH 8. 7KHUH KH UXQV DFWLYH





6HUYLFHV &RUH +H FRRUGLQDWHV WKH (XURSHDQ )3
*(13+(1 LQIRUPDWLFV SURMHFW DQG UXQV WKH 
*:$6
&HQWUDO
 +*9EDVH*3 JHQHWLF DVVRFLDWLRQ GDWDEDVH +H
LV (GLWRU 	 &KDLU RI 3XEOLFDWLRQV &RPPLWWHH IRU WKH
+8*2 -RXUQDO DQG D PHPEHU RI ERWK WKH 3XEOLF
3RSXODWLRQ 3URMHFW LQ *HQRPLFV 3* DQG WKH 2SHQ
5HVHDUFKHU	&RQWULEXWRU,'25&,'7HFKQLFDO:RUNLQJ
*URXS $GGLWLRQDOO\ KH LV D &R)RXQGHU DQG %RDUG
0HPEHU RI WKH +XPDQ *HQRPH 9DULDWLRQ 6RFLHW\ DQG
ZRUNV DV FRPPXQLFDWLQJ (GLWRU IRU +XPDQ 0XWDWLRQ
2WKHU VLJQLILFDQW DFKLHYHPHQWV LQFOXGH ODXQFKLQJ DQG
UXQQLQJ WKH LQWHUQDWLRQDO 0HHWLQJ VHULHV RQ +XPDQ
*HQRPH 9DULDWLRQ 	 &RPSOH[ *HQRPH $QDO\VLV DQG
LQYHQWLQJ WKH '\QDPLF $OOHOH6SHFLILF +\EULGL]DWLRQ
JHQRW\SLQJWHFKQRORJ\
 
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7KH FUHDWLRQ RI UHJLRQDO DQG LQWHUQDWLRQDO GDWDEDVHV WKDW FDQ EH
HDVLO\ DFFHVVHG E\ FOLQLFLDQV DQG GLDJQRVWLF ODEV ZLOO JUHDWO\
LPSURYHRXUDELOLW\ WRDFFXUDWHO\GLDJQRVHDQG WUHDWSDWLHQWVZLWK
JHQHWLF GLVRUGHUV 7KH+XPDQ9DULRPH3URMHFW LV IDFLOLWDWLQJ WKH
FUHDWLRQRI WKHVH UHSRVLWRULHV WKURXJK LWV+XPDQ9DULRPH3URMHFW
&RXQWU\ 1RGH SURJUDP DXWRPDWHG RU VHPLDXWRPDWHG V\VWHPV
GHVLJQHG WR FROOHFW HYHU\ PXWDWLRQ UHSRUWHG E\ D GLDJQRVWLF
ODERUDWRU\ FOLQLF RU UHVHDUFK ODERUDWRU\ LQ D FRXQWU\ DQG VWRUH
WKHVHZLWKLQDQDWLRQDOUHSRVLWRU\+93&RXQWU\1RGHVKDYHEHHQ
HVWDEOLVKHG LQ VL[ FRXQWULHV LQFOXGLQJ .XZDLW DQG (J\SW +93
&RXQWU\ 1RGHV VHUYH WKUHH IXQFWLRQV ILUVW DQG IRUHPRVW WKH\
DOORZGDWDWREHVKDUHGDPRQJVWWKHGLDJQRVWLFODEVDQGFOLQLFVLQ
DQ\ RQH FRXQWU\ WR VXSSRUW JHQHWLF WHVWLQJ VHUYLFHV IRU SDWLHQWV
VHFRQGO\ GDWD IURP WKH 1RGHV FDQ DOVR EH VKDUHG ZLWK
JHQHGLVHDVHVSHFLILF GDWDEDVHV DQG FHQWUDO YDULDWLRQ GHSRVLWRULHV
HJ 1&%,µV GE*D3 LQ D PDQQHU WKDW FRPSOLHV ZLWK HDFK
FRXQWU\µV H[LVWLQJ SULYDF\ OHJLVODWLRQ DQG HWKLFV REOLJDWLRQV
)LQDOO\ WKHVH UHSRVLWRULHV DOORZ WKH JHQHWLF EXUGHQ RI GLVHDVH LQ
LQGLYLGXDOFRXQWULHVWREHTXDQWLILHGZKLFKLQWXUQFDQEHXVHGWR
EHWWHUWDUJHWKHDOWKFDUHSODQQLQJDQGSROLF\GHYHORSPHQW
5LFKDUG&RWWRQ LQLWLDWHG WKH 0XWDWLRQ 5HVHDUFK &HQWUH
QRZUHQDPHG WKH*HQRPLF'LVRUGHUV5HVHDUFK&HQWUH LQ
-DQXDU\  ZZZJHQRPLFXQLPHOEHGXDX +H KDV
DOZD\V EHHQ LQWHUHVWHG LQ WKH ELRFKHPLFDO JHQHWLFV RI
KXPDQ GLVHDVH DQG KDV UHFHQWO\ IRFXVHG RQ PXWDWLRQ
$PRQJVWKLVPRUHQRWDEOHVFLHQWLILFDFKLHYHPHQWVDUH WKH
FRQFHSWLRQ SODQQLQJ DQG H[HFXWLRQ RI WKH IXQGDPHQWDO
H[SHULPHQWZKLFKSURYHGWKDWZKHQWZRLPPXQRJOREXOLQ
SURGXFLQJ FHOOV ZHUH IXVHG WKH LPPXQRJOREXOLQ RI ERWK
SDUHQWDO FHOOV ZHUH SURGXFHG LQ WKH K\EULG 7KLV ODLG WKH
H[SHULPHQWDO DQG WKHRUHWLFDO IRXQGDWLRQ IRU WKH ZLGHO\
XVHG PRQRFORQDO DQWLERG\ WHFKQLTXH +H DOVR FRQFHLYHG
WKH ZLGHO\ XVHG WHWURK\GURELRSWHULQ %+ ORDG WHVW WR
LGHQWLI\WKHVHULRXVYDULDQWVRI3.8EXW%+LVFXUUHQWO\
EHLQJWULDOOHGLQKHDUWGLVHDVH+HLVSDUWLFXODUO\LQWHUHVWHG
LQ LPSURYLQJ PXWDWLRQ GHWHFWLRQ WHFKQRORJLHV WR PDNH
WKHPFKHDSHUDQGVLPSOHUVRWKDWWKH\FDQEHPRUHZLGHO\
DSSOLHG DQG KROGV VHYHUDO SDWHQWV LQ WKH DUHD $ UHFHQW
GHYHORSPHQWKDVEHHQDPHWKRGWRGHWHFW'1$GDPDJLQJ
FRPSRXQGV3URI &RWWRQKDV ZULWWHQ WZR ERRNV HQWLWOHG
0XWDWLRQ'HWHFWLRQLQLWLDWHGWKHMRXUQDOHQWLWOHG+XPDQ
0XWDWLRQ DQG LQ  LQLWLDWHG EL\HDUO\ LQWHUQDWLRQDO
ZRUNVKRSV RQ0XWDWLRQ'HWHFWLRQ DQG LQ  EL\HDUO\
+8*20XWDWLRQ'HWHFWLRQ&RXUVHV ,Q  KH KDV DOVR
VWDUWHG D ZRUOGZLGH LQLWLDWLYH 7KH +8*2 0XWDWLRQ
'HWHFWLRQ 'DWDEDVH ,QLWLDWLYH UHFHQWO\ IRUPHG LQWR WKH
+XPDQ *HQRPH 9DULDWLRQ 6RFLHW\ +*96
ZZZKJYVRUJWRFDSWXUHDQGGLVWULEXWHOLVWVRIPXWDWLRQV
,Q-XQHKHZDVDGPLWWHGDVD0HPEHURIWKH2UGHURI
$XVWUDOLD IRU VHUYLFH WR VFLHQFH WKURXJK JHQHWLF UHVHDUFK
SDUWLFXODUO\ WKURXJK WKH GHYHORSPHQW RI WHFKQRORJLHV WR
GHWHFW JHQHPXWDWLRQV WKDW XQGHUOLH ELUWK GHIHFWV RU FDXVH
GLVHDVHDQG WKURXJKHIIRUWV WRGRFXPHQW ILQGLQJV ,Q-XQH
 KH FRQYHQHG D 0HHWLQJ FRVSRQVRUHG E\ :+2
ZKLFK LQLWLDWHG WKH +XPDQ 9DULRPH 3URMHFW
ZZZKXPDQYDULRPHSURMHFWRUJ 7KLV SURMHFW DLPV WR
FROOHFW ZRUOGZLGH JHQHWLF YDULDWLRQ DQG LWV DVVRFLDWHG
SKHQRW\SH +H ZDV 7UHDVXUHU RI WKH +XPDQ *HQRPH
2UJDQLVDWLRQ +8*2 DQG KH LV DXWKRU RI RYHU 
VFLHQWLILFSDSHUVDQGWKUHHSDWHQWV
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&RS\ QXPEHU YDULDWLRQ &19 LV DEXQGDQW LQ KXPDQV GLIIHULQJ
IURP RWKHU YDULDWLRQ FODVVHV ZLWK UHVSHFW WR H[WHQW RULJLQ DQG
IXQFWLRQDO LPSDFW'HVSLWH SURJUHVV LQ&19 FKDUDFWHUL]DWLRQ WKH
QXFOHRWLGH UHVROXWLRQ DUFKLWHFWXUH RI PRVW &19V UHPDLQV
XQNQRZQ :H DQDO\]HG ZKROH JHQRPH VHTXHQFHV RI 




PRELOH HOHPHQWEDVHG LQVHUWLRQV DQG WDQGHP GXSOLFDWLRQV 7KH




'U /HHµV UHVHDUFK XQLW FHQWHUV RQ WKH XVH RI PROHFXODU
F\WRJHQHWLF WHFKQRORJLHV WR VWXG\ WKH VWUXFWXUH RI
YHUWHEUDWH JHQRPHV WR XQGHUVWDQG KXPDQ GLVHDVHV +H
UHFHLYHGKLVGRFWRUDOGHJUHHIURPWKH8QLYHUVLW\RI$OEHUWD
&DQDGD LQ ZDV DQ16(5& UHVHDUFK IHOORZ DW WKH
8QLYHUVLW\RI&DPEULGJH8.IURPDFOLQLFDO
F\WRJHQHWLFV IHOORZ DW +DUYDUG 0HGLFDO 6FKRRO 86$
IURP  DQG WKHQ EHFDPH ERDUG FHUWLILHG E\ WKH
$PHULFDQ%RDUG RI0HGLFDO*HQHWLFV LQ  LQ&OLQLFDO
&\WRJHQHWLFV'U/HHLVFXUUHQWO\WKHSULQFLSDOLQYHVWLJDWRU
RQJUDQWVIURPWKH1DWLRQDO&DQFHU,QVWLWXWH WKH1DWLRQDO
+XPDQ *HQRPH 5HVHDUFK ,QVWLWXWH DQG WKH 1DWLRQDO
,QVWLWXWH RI *HQHUDO 0HGLFLQH +H KDV DXWKRUHG 
FRDXWKRUHG RYHU  SXEOLFDWLRQV LQ WRS MRXUQDOV VXFK DV
1DWXUH 6FLHQFH &HOO 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\ RI 6FLHQFHV 86$ DQG 1DWXUH *HQHWLFV +H
FXUUHQWO\FKDLUVWKH$PHULFDQ6RFLHW\RI+XPDQ*HQHWLFV
3URJUDP &RPPLWWHH FRFKDLUV WKH VWUXFWXUDO YDULDWLRQ
DQDO\VLVJURXSIRUWKH,QWHUQDWLRQDO*HQRPHV3URMHFW
ZZZJHQRPHVRUJ LV D UHJXODU PHPEHU RI WKH
*HQHV +HDOWK DQG 'HYHORSPHQW 6WXG\ 6HFWLRQ DW WKH
1DWLRQDO ,QVWLWXWHV RI +HDOWK DQG VHUYHV DV DQ $VVRFLDWH
(GLWRU IRU WKH $PHULFDQ -RXUQDO RI +XPDQ *HQHWLFV
$PRQJ WKH IHOORZVKLSV  DZDUGV WKDW KH KDV UHFHLYHG KH
ZDV WKH UHFLSLHQWRID3K' VWXGHQWVKLS IURP WKH$OEHUWD
+HULWDJH )RXQGDWLRQ IRU 0HGLFDO 5HVHDUFK SRVWGRFWRUDO
IHOORZVKLS DZDUGV IURP ERWK WKH 0HGLFDO 5HVHDUFK
&RXQFLO RI &DQDGD DQG WKH 1DWXUDO 6FLHQFHV DQG
(QJLQHHULQJ 5HVHDUFK &RXQFLO RI &DQDGD WKH ,QDXJXUDO
7HDP $ZDUG IURP WKH $PHULFDQ $VVRFLDWLRQ IRU &DQFHU
5HVHDUFKWKH&7KRPDV&DVNH\/HFWXUHVKLSIURP
WKH8QLYHUVLW\ RI 6RXWK &DUROLQD  DQG WKH*HRUJH
%UXPOH\-U$ZDUGIURP'XNH8QLYHUVLW\,Q
DWWKHDJHRI'U/HHEHFDPHWKH\RXQJHVWUHFLSLHQWRI
WKH +R$P 3UL]H LQ 0HGLFLQH DOVR UHIHUUHG WR DV WKH
.RUHDQ 1REHO 3UL]H IRU KLV  GLVFRYHU\ RI
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,GHQWLI\LQJ DQG FKDUDFWHUL]LQJ WKH JHQHWLF YDULDQWV WKDW DIIHFW
KXPDQ WUDLWV LV RQH RI WKH FHQWUDO REMHFWLYHV RI KXPDQ JHQHWLFV
8OWLPDWHO\WKLVDLPZLOOEHDFKLHYHGE\H[DPLQLQJWKHUHODWLRQVKLS
EHWZHHQ LQWHUHVWLQJ WUDLWV DQG WKH ZKROH JHQRPH VHTXHQFHV RI
PDQ\ LQGLYLGXDOV:KROH JHQRPH UHVHTXHQFLQJ RI WKRXVDQGV RI
LQGLYLGXDOVLVQRW\HWIHDVLEOHEXWDGYDQFHVLQODERUDWRU\PHWKRGV
IRUH[DPSOHWRHQDEOHWKHJHQRW\SLQJRIWKRXVDQGVRILQGLYLGXDOV
DW KXQGUHGV RI WKRXVDQGV RI 613 VLWHV DQG LQ VWDWLVWLFDO
PHWKRGRORJ\ IRU H[DPSOH WR HQDEOH DFFXUDWH FRUUHFWLRQ IRU
SRSXODWLRQVWUDWLILFDWLRQDQGJHQRW\SHLPSXWDWLRQKDYHUHVXOWHGLQ
VXEVWDQWLDO SURJUHVV LQ RXU XQGHUVWDQGLQJ RI FRPSOH[ GLVHDVH
ELRORJ\ +HUH ZH GLVFXVV SUDFWLFDO VWXG\ GHVLJQV IRU WKH ILUVW
JHQHUDWLRQRIZKROHJHQRPHVHTXHQFLQJVWXGLHV7KHVHZLOOHQDEOH
WKH H[DPLQDWLRQ RI V RI LQGLYLGXDOV DW ! PLOOLRQ RI
SRO\PRUSKLF VLWHV 7KHVH VWXGLHV ZLOO EH HQDEOHG E\ FRQWLQXLQJ
DGYDQFHV LQ ODERUDWRU\ WHFKQRORJ\ DQG VWDWLVWLFDO PHWKRGV DQG




RI %LRVWDWLVWLFV DW WKH 8QLYHUVLW\ RI 0LFKLJDQ 6FKRRO RI
3XEOLF +HDOWK +H KDV EHHQ D IDFXOW\ PHPEHU DW WKH
8QLYHUVLW\ RI 0LFKLJDQ VLQFH  3UHYLRXVO\ KH
FRPSOHWHG D 3K' LQ +XPDQ *HQHWLFV DW 1XIILHOG
'HSDUWPHQWRI&OLQLFDO0HGLFLQHXQGHUWKHVXSHUYLVLRQRI
3URIHVVRUV :LOOLDP &RRNVRQ DQG /RQ &DUGRQ *RQoDOR
FRPSOHWHGKLVLQLWLDOWUDLQLQJLQ*HQHWLFVDWWKH8QLYHUVLW\
RI /HHGV LQ WKH 8. DQG DW 0F0DVWHU 8QLYHUVLW\ LQ
&DQDGD 'U $EHFDVLV
 UHVHDUFK IRFXVHV RQ WKH
GHYHORSPHQW RI VWDWLVWLFDO WRROV IRU WKH LGHQWLILFDWLRQ DQG
VWXG\ RI JHQHWLF YDULDQWV LPSRUWDQW LQ KXPDQ GLVHDVH
6RIWZDUH GHYHORSHG E\'U$EHFDVLV DW WKH8QLYHUVLW\ RI
0LFKLJDQ LV XVHG LQ VHYHUDO KXQGUHG JHQHPDSSLQJ
SURMHFWV DURXQG WKH ZRUOG +H DQG KLV JURXS KDYH PDGH
LPSRUWDQWFRQWULEXWLRQVWRRXUXQGHUVWDQGLQJRISDWWHUQVRI
JHQHWLFYDULDWLRQDFURVVWKHJHQRPHDQGLWVUHODWLRQVKLSWR
D YDULHW\ RI WUDLWV UDQJLQJ IURP DJHUHODWHG PDFXODU
GHJHQHUDWLRQWRDYDULHW\RIFDUGLRYDVFXODUULVNIDFWRUVWR
SV\FKLDWULF WUDLWV +H LV FXUUHQWO\ GHSOR\LQJ QH[W
JHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV WR VWXG\ WKH JHQRPHV
RIWKRXVDQGVRILQGLYLGXDOV
 
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1H[WJHQHUDWLRQ VHTXHQFLQJ 1*6 WHFKQRORJLHV HJ &K,36HT
51$6HTDUHQRZVXSSODQWLQJDUUD\EDVHG WHFKQRORJLHVEHFDXVH
RI WKHLU DFFXUDF\ FRPSUHKHQVLYHQHVV DQG FRVW 1RWDEO\ WKHVH
WHFKQRORJLHV HQDEOH DQ XQELDVHG ORRN DW WKH IXQFWLRQDO
FRQWULEXWLRQV RI WKH JHQRPH LQFOXGLQJ WKH FRQWULEXWLRQV RI
UHSHWLWLYH UHJLRQV :H ZLOO SUHVHQW UHVXOWV WKDW GHPRQVWUDWH WKH
XELTXLWRXV UROH WKDWSOD\ UHSHDWV LQJHQH UHJXODWLRQ ,QSDUWLFXODU
ZH ZLOO VKRZ WKDW VSHFLHVVSHFLILF WUDQVSRVDEOH HOHPHQWV KDYH
EHHQ DQ LPSRUWDQW VRXUFH RI QHZ UHJXODWRU\ HOHPHQWV DQG KDYH
FRQWULEXWHG PRUH WKDQ  RI WKH ELQGLQJ VLWHV RI 2&7 D NH\
WUDQVFULSWLRQ IDFWRU LQ KXPDQ (6 FHOOV $OWKRXJK LW KDV EHHQ
UHFRJQL]HG IRU VRPH WLPH WKDW WKH JDLQ DQG ORVV RI UHJXODWRU\
HOHPHQWVLVDFRPPRQIHDWXUHRIHXNDU\RWLFJHQRPHVWKHVHUHVXOWV
VXJJHVWV WKH WKDW UHSHDWV DUH DVVRFLDWHG ZLWK LPSRUWDQW KXPDQ
VSHFLILF UHJXODWRU\ LQQRYDWLRQV &KDUDFWHUL]DWLRQ RI WKHVH
LQQRYDWLRQV ZLOO LPSURYH RXU LQWHUSUHWDWLRQ DQG RXU DELOLW\ WR
WUDQVODWHILQGLQJVIURPDQLPDOPRGHOV)LQDOO\VLQFHPDQ\UHSHDW
IDPLOLHVDUHKLJKO\SRO\PRUSKLFHYHQDFURVVLQGLYLGXDOVWKHLUUROH




DW WKH 8QLYHUVLW\ RI 6RXWKHUQ &DOLIRUQLD ,Q  KH
PRYHG WR WKH8QLYHUVLW\RI0RQWUHDO WR VWDUWSRVWGRFWRUDO
UHVHDUFKRQJHQHUHJXODWRU\QHWZRUNVZLWK'DYLG6DQNRII
,QKHDFFHSWHGDSRVLWLRQDWWKH*HQRPH,QVWLWXWHRI
6LQJDSRUH ZKHUH KH EHFDPH 6HQLRU *URXS /HDGHU DQG
$VVRF 'LUHFWRU RI &RPSXWDWLRQDO 	 0DWKHPDWLFDO
%LRORJ\ $W WKLV ,QVWLWXWH KH KHOSHG VHWXS DQG ZDV
UHVSRQVLEOH IRU WKH ,7 LQIUDVWUXFWXUH /,06 DQG DQDO\VLV
SLSHOLQHV DVVRFLDWHG ZLWK  1H[W*HQHUDWLRQ VHTXHQFLQJ
LQVWUXPHQWV,QKHPRYHGWR0F*LOO8QLYHUVLW\DVD
IDFXOW\PHPEHULQWKH'HSDUWPHQWRI+XPDQ*HQHWLFVDQG
WKH 'LUHFWRU RI %LRLQIRUPDWLFV DW WKH 0F*LOO 8QLYHUVLW\
DQG *HQRPH 4XHEHF ,QQRYDWLRQ &HQWHU +LV UHVHDUFK
LQWHUHVWV DUH LQ IXQFWLRQDO JHQRPLFV ZLWK D VSHFLDO
HPSKDVLV RQ DSSOLFDWLRQV RI QH[WJHQHUDWLRQ VHTXHQFLQJ
WHFKQRORJLHV
 
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>1RDEVWUDFWLVDYDLODEOH@ 'U -LQ UHFHLYHG 3K' LQ JHQHWLFV DW 8QLYHUVLW\ RI 7H[DV
+HDOWK 6FLHQFH &HQWHU DW +RXVWRQ LQ  +H LV QRZ
+DRTLQJ)XGDQ 3URIHVVRU DQG 9LFH 3UHVLGHQW DW )XGDQ
8QLYHUVLW\+HLVDIRUHLJQPHPEHURI0D[3ODQFN6RFLHW\
DQG D ERDUG PHPEHU RI +XPDQ *HQRPH 2UJDQLVDWLRQ
+8*2 +H VHUYHV DV DQ (GLWRULDO %RDUG 0HPEHU LQ 
DFDGHPLF MRXUQDOV +H DOVR VHUYHV DV WKH 3UHVLGHQW RI
6KDQJKDL 6RFLHW\ RI *HQHWLFV DQG WKH 3UHVLGHQW RI
6KDQJKDL 6RFLHW\ RI $QWKURSRORJ\ +LV UHVHDUFK DUHDV
LQFOXGH PHGLFDO JHQHWLFV DQG JHQHWLF HSLGHPLRORJ\
FRPSXWDWLRQDO ELRORJ\ KXPDQ SRSXODWLRQ JHQHWLFV DQG
JHQRPLFV+HSXEOLVKHGDUWLFOHV LQ MRXUQDOV LQFOXGLQJ
1DWXUH6FLHQFH31$6-&,DQG-$0$
 
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'LVFRYHU\ RI GUXJV DQG DSSURSULDWH WKHUDSHXWLF LQWHUYHQWLRQV DUH
FRPSOH[HQWHUSULVHV,WLVLQKHUHQWO\FRPSOH[DVELRORJLFDOV\VWHPV
HYROYHG WR EH FRPSOH[ LQ RUGHU WR FRSH ZLWK EURDG UDQJH RI
SHUWXUEDWLRQV DQG WR PDLQWDLQ YDULRXV IXQFWLRQDOLWLHV 0XOWLSOH
FRRUGLQDWHG LQWHUYHQWLRQV DUH NH\ IRU VXFFHVVIXO GUXJV WR FRPLQJ
GHFDGHV 7KH LQKHUHQW GLIILFXOWLHV OLHV LQ UREXVWQHVV DQG IUDJLOLW\
DVVRFLDWHGZLWK GLVHDVH RXWEUHDN DQG SURJUHVVLRQ DVZHOO DV KRVW
UHVSRQVHWR WKHUDSHXWLFLQWHUYHQWLRQV7KHWDONDGGUHVVHV LVVXHVLQ
WKH FXUUHQW GUXJ GLVFRYHU\ SURFHVVHV DQG DUJXHV WKDW PRUH
V\VWHPDWLFDSSURDFKQHHGVWREHWDNHQZLWKSULQFLSOHVEHKLQG2QH
RSWLRQLVWKHXVHRIPXOWLFRPSRQHQWPXOWLWDUJHWGUXJV+RZHYHU
LW UHTXLUHV SRZHUIXO FRPSXWDWLRQDO DSSURDFK WR RYHUFRPH LWV
FRPELQDWRULDO H[SORVLRQ SUREOHPV ,W DOVR UHTXLUHV SULQFLSOHV WKDW
JXLGH WKH GLVFRYHU\ SURFHVV ([SHULPHQWDO DSSURDFK VXFK DV
J72: JHQHWLF 7XJRI:DU VKDOO XQFRYHU YDULRXV PHFKDQLVWLF
LVVXHV WKDW FDXVH GLVFUHSDQFLHV EHWZHHQ FRPSXWDWLRQDO DQG
H[SHULPHQWDO UHVXOWV$W WKHVDPHWLPH LW UHTXLUHVV\VWHPDWLFDQG







+LURDNL .LWDQR LV D 'LUHFWRU DW 6RQ\ &RPSXWHU 6FLHQFH
/DERUDWRULHV ,QF 7RN\R D 3UHVLGHQW DW 7KH 6\VWHPV
%LRORJ\ ,QVWLWXWH 7RN\R DQG D 3ULQFLSDO ,QYHVWLJDWRU DW
2NLQDZD ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\ 2NLQDZD
+H UHFHLYHG D %$ LQ SK\VLFV IURP WKH ,QWHUQDWLRQDO




D 3URMHFW 'LUHFWRU DW .LWDQR 6\PELRWLF 6\VWHPV 3URMHFW
(5$72 -DSDQ 6FLHQFH DQG 7HFKQRORJ\ &RUSRUDWLRQ
IROORZHG E\ D 3URMHFW 'LUHFWRU DW .LWDQR 6\PELRWLF
6\VWHPV 3URMHFW (5$7262567 -DSDQ 6FLHQFH DQG
7HFKQRORJ\$JHQF\+HLVDOVRDYLVLWLQJSURIHVVRURI.HLR
8QLYHUVLW\ D 0DQDJHU RI 'LYLVLRQ RI 6\VWHPV %LRORJ\
&DQFHU ,QVWLWXWH -DSDQHVH )RXQGDWLRQ IRU &DQFHU
5HVHDUFK DQG D )RXQGLQJ 3UHVLGHQW RI 7KH 5RER&XS
)HGHUDWLRQ .LWDQRUHFHLYHG7KH&RPSXWHUVDQG7KRXJKW
$ZDUG IURP WKH ,QWHUQDWLRQDO -RLQW &RQIHUHQFHV RQ
$UWLILFLDO ,QWHOOLJHQFH LQ3UL[$UV(OHFWURQLFD
-DSDQ 'HVLJQ &XOWXUH $ZDUG  *RRG 'HVLJQ $ZDUG
 DQG 1DWXUHµV  -DSDQ 0LGFDUHHU $ZDUG IRU
&UHDWLYH0HQWRULQJLQ6FLHQFHDVZHOODVEHLQJDQLQYLWHG
DUWLVW IRU %LHQQDOH GL 9HQH]LD  DQG 0XVHXP RI
0RGHUQ$UW0R0$1HZ<RUNLQ
 
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DUHFDWDORJHGDQGGLVWULEXWHGE\GE613ZKLOH ODUJHU IHDWXUHVDUHPDQDJHGE\GE9DU $OOYDULDQWVDUHH[SRUWHG LQDFRPPRQ
;0/ PDUNXS YDULDWLRQUHI WR IDFLOLWDWH VWDQGDUG XVH E\ VRIWZDUH WRROV $V VHTXHQFLQJ FRVWV FRQWLQXH WR GHFUHDVH GLUHFW
VHTXHQFLQJRISRSXODWLRQFRKRUWVDQGGLVHDVHDIIHFWHGLQGLYLGXDOVZLOOEHFRPHDQLQFUHDVLQJHIILFLHQWZD\WRVFUHHQIRUNQRZQ




FODVVHV VLPSOH QXFOHRWLGH SRO\PRUSKLVPV LQVHUWLRQGHOHWLRQV VKRUW WDQGHP UHSHDWV FRS\ QXPEHU YDULDQWV DQG VWUXFWXUDO
YDULDQWV:KHQSKHQRW\SHV FDQEH UHODWHG WR VSHFLILF YDULDWLRQV VXFK NQRZOHGJH LV VWRUHG LQ DQHZ1&%, UHVRXUFH &OLQ9DU
:KHQYDULDQWVDUHLQFOXGHGLQDJHQHWLFWHVWLQIRUPDWLRQDERXWWKHDYDLODELOLW\VFLHQWLILFEDVLVDQGXVHIXOQHVVRIWKHJHQHWLFWHVW
ZLOO EH DYDLODEOH DW WKH *HQHWLF 7HVWLQJ 5HJLVWU\ *75  +HUH ZH SUHVHQW DQ RYHUYLHZ RI RXU FXUUHQW DQG SODQQHG WRROV
DSSOLFDEOHWRPHGLFDOJHQHWLFVDQGWKHPDQDJHPHQWRIFOLQLFDOPXWDWLRQGDWD7KHUHYLHZZLOOFRYHUWKHRUJDQL]DWLRQRIWKHGDWD
DQGUHODWLRQVKLSEHWZHHQUHOHYDQW1&%,UHVRXUFHVPDUNXSFRQYHQWLRQV LQ1&%,GDWDEDVHUHFRUGVIRUVWDQGDUGFKDUDFWHULVWLFV
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FRPSDUH WKH OLNHOLKRRGPD[LPL]HG RYHU ERWK OLQNDJH DQG DVVRFLDWLRQ SDUDPHWHUVZLWK WKDWPD[LPL]HG RYHU OLQNDJH XQGHU WKH
DVVXPSWLRQRIQRDVVRFLDWLRQ7KLVKDVSUHYLRXVO\EHHQVKRZQWROHDGWRVWDWLVWLFVHTXLYDOHQWWRWKHKDSORW\SHUHODWLYHULVNZKHQ
SHUIRUPHGRQWULDGVWRWKHFDVHFRQWUROWHVWRIDVVRFLDWLRQZKHQSHUIRUPHGRQVLQJOHWRQV7KLVWHVWUHWDLQVWKHDSSURSULDWHW\SH,
HUURU UDWHV XQGHU DQ\ FRPELQDWLRQ RI GDWD VWUXFWXUHV LQGHSHQGHQW RI OLQNDJH XQOLNH WKH PDMRULW\ RI H[LVWLQJʊIDPLO\EDVHG
DVVRFLDWLRQWHVWV”,DQGKDVVLJQLILFDQWO\KLJKHUSRZHULQJHQHUDO7RLOOXVWUDWHWKHJDLQLQSRZHUIURPVDPSOLQJSHGLJUHHVUDWKHU












HUGO J (2011) 5:1–346 115
123


















,Q VWXGLHV RI JHQHWLFV RI GHDIQHVV IDPLOLHV ZLWK LQKHULWHG
KHDULQJORVVKDYHEHHQH[WUHPHO\YDOXDEOHSURYLGLQJSDWKVWR
GLVFRYHU\RIJHQHVHVVHQWLDO WRPHFKDQLVPVRIKHDULQJ 8QWLO
QRZ VXFK VWXGLHV KDYH GHSHQGHG RQ 6DQJHU VHTXHQFLQJ RI
JHQHV LQ FDQGLGDWH JHQRPLF OLQNDJH UHJLRQV &RQVWUDLQWV RI
3&5EDVHGVHTXHQFLQJKDYHODUJHO\OLPLWHGJHQHGLVFRYHU\WR




QH[W JHQHUDWLRQ VHTXHQFLQJ WR GLVFRYHU QRYHO JHQHV
UHVSRQVLEOH IRU WKH GHDIQHVV SKHQRW\SH LQ IDPLOLHV ZLWK
GRPLQDQWRUUHFHVVLYHLQKHULWHGKHDULQJORVV)RUIDPLOLHV
LQZKLFK KHDULQJ ORVVPDSV WR OLQNDJH UHJLRQV RI OHVV WKDQ 
PHJDEDVHV ZH WLOH WKH HQWLUH JHQRPLF LQWHUYDO RQ FDSWXUH
DUUD\V  '1$ IUDJPHQW OLEUDULHV IURP WKH KHDULQJ LPSDLUHG
SUREDQGVDUHK\EULGL]HGWRWKHDUUD\VDQGWKHHQULFKHGSRUWLRQ
RIWKHJHQRPHLVVHTXHQFHGWRDSSUR[LPDWHIROGFRYHUDJHWR
UHYHDO WKH FULWLFDO DOOHOH   )RU VPDOO QXFOHDU IDPLOLHV LQ
ZKLFK KHDULQJ ORVV PDSV WR RQH RU PRUH YHU\ ODUJH OLQNDJH
UHJLRQV ZH FDSWXUH WKH HQWLUH FRGLQJ UHJLRQ RU ĴH[RPHµ DQG
DSSUR[LPDWHO\PL51$VZLWKLQVROXWLRQROLJRQXFOHRWLGHV
VHTXHQFH WRDSSUR[LPDWHO\ IROG FRYHUDJH DQGHYDOXDWH DOO
IXQFWLRQDO YDULDQWV FRLQKHULWHG ZLWK WKH SKHQRW\SH   ,Q
RUGHU WR LGHQWLI\ DOO FODVVHV RI VWUXFWXUDO PXWDWLRQV ±
LQYHUVLRQV WUDQVORFDWLRQV GXSOLFDWLRQV RU GHOHWLRQV ± LQ
IDPLOLHV XQUHVROYHG E\ RWKHU PHWKRGV ZH FRQVWUXFW ODUJH
LQVHUW PDWHSDLU OLEUDULHV IURP WKH SUREDQG DQG VHTXHQFH WKH
HQWLUH JHQRPH WR KLJK FORQH FRYHUDJH  3RLQW PXWDWLRQV DQG
VPDOO LQVHUWLRQV RU GHOHWLRQV FDQ EH UHVROYHG GLUHFWO\  ,Q
DGGLWLRQVWUXFWXUDOPXWDWLRQVFDQEHUHVROYHGIURPGLVFRUGDQW
PDWHSDLUV LQ ZKLFK RULHQWDWLRQ VWUDQG ORFDWLRQ RU GLVWDQFH
DSDUWGLIIHUVIURPH[SHFWHGYDOXHV7KHUHVXOWVHPHUJLQJIURP
WKHVHVWXGLHVLQGLFDWHWKDWPDQ\PRUHQRYHOJHQHVIRUKHDULQJ
ORVVZLOO EHGLVFRYHUHG LQ WKHQHDU IXWXUH6XSSRUWHGE\1,+
JUDQW5'&
'U0RHLQ.DQDDQLVDSURIHVVRURI0ROHFXODU*HQHWLFVDQGD
OHDGLQJ 3DOHVWLQLDQ JHQHWLFLVW 2YHU WKH ODVW  \HDUV 'U
.DQDDQ KDV EHHQ LQYHVWLJDWLQJ WKH JHQHWLFDOO\ LVRODWHG
3DOHVWLQLDQ SRSXODWLRQ DQG LWV KLJK FRQVDQJXLQLW\ UDWH DQG
LGHQWLI\LQJ WKH JHQHWLF EDVLV IRU KXPDQ GLVRUGHUV WKHVH
LQFOXGH KHDULQJ ORVV VNLQ DEQRUPDOLWLHV EUHDVW FDQFHU DQG
FRQJHQLWDO KHDUW GLVHDVHV %\ VWXG\LQJ ODUJH FRQVDQJXLQHRXV
3DOHVWLQLDQNLQGUHG'U.DQDDQµVFROODERUDWLYHZRUNKDVEHHQ
DEOH WR SURILOH QRYHO DQG YDULDQW DOOHOHV XQGHUPLQLQJ KHDULQJ
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7+( *(1(7,& $1' 02/(&8/$5 %$6,6 2) 0(1'(/,$1 ',6($6(6 ,1 7+( ,65$(/,
&20081,7,(6678',('%<129(/*(120,&675$7(*,(6

1RYHO JHQRPLF WHFKQLTXHV OLNH '1$ QH[WJHQHUDWLRQ
VHTXHQFLQJDQGDGYDQFHGJHQRW\SLQJDUUD\VRSHQQHZDYHQXHV
LQ WKH HOXFLGDWLRQ RI JHQHWLF GHIHFWV FDXVLQJ PRQRJHQLF
GLVRUGHUV7KH\QRW RQO\ VSHHGXSGLVHDVHJHQH LGHQWLILFDWLRQ
EXW HQDEOH RQH WR V\VWHPDWLFDOO\ WDFNOH SUHYLRXVO\ LQWUDFWDEOH
PRQRJHQLF 0HQGHOLDQ GLVRUGHUV 7KHVH DUH PDLQO\ UDUH
GLVRUGHUVQRW DPHQDEOH WR FODVVLF OLQNDJH DQDO\VLV HJ GXH WR
LQVXIILFLHQW IDPLO\ VL]H0RVWPRQRJHQLF GLVHDVHV DUH FDXVHG
E\ H[RQLF PXWDWLRQV RU VSOLFHVLWHPXWDWLRQV FKDQJLQJ WKH
DPLQRDFLGVHTXHQFHRIWKHFRGHGSURWHLQ7KHVHPXWDWLRQVFDQ
EH LGHQWLILHG E\ ZKROH H[RPH VHTXHQFLQJ UHQGHULQJ ZKROH
JHQRPH VHTXHQFLQJ QHFHVVDU\ RQO\ LQ VSHFLDO FDVHV
*HQRW\SLQJDUUD\V UHSUHVHQWLQJ a[ VLQJOHQXFOHRWLGH
SRO\PRUSKLVPV613DOORZKLJKO\DFFXUDWHPDSSLQJRIFRS\
QXPEHU YDULDWLRQV &19V DQG RWKHU JHQRPH VWUXFWXUDO
YDULDWLRQV RIWHQ UHSUHVHQWLQJ GHOHWLRQV UHDGLO\ GHWHFWDEOH E\
H[RPH VHTXHQFLQJ %DVHG RQ WKHVH QRYHO WHFKQLTXHV ZH
ODXQFKHG D SURMHFW HQFRPSDVVLQJ VHYHUDO PHGLFDO FHQWHUV WR
GHFLSKHU WKHGR]HQVRI DFFXPXODWHG IDPLOLHVZLWKPRQRJHQLF
GLVHDVHV :H FXUUHQWO\ IRFXV PDLQO\ RQ QHXURQDO GLVRUGHUV
DIIHFWLQJ WKH FHQWUDO QHUYRXV V\VWHP LQFOXGLQJ PHQWDO
UHWDUGDWLRQ PLFURFHSKDO\ DQG FRQJHQLWDO JHQHUDO DQRVPLD
&*$±DQLQERUQFRPSOHWHORVVRIWKHVHQVHRIVPHOO7KHVH
GLVHDVHVDUHREVHUYHGLQYDULRXV,VUDHOLHWKQLFJURXSVVRPHWLPH
GXH WR KLJK FRQVDQJXLQHRXVPDUULDJHV ,Q FROODERUDWLRQ ZLWK
WKH 'XNH &HQWHU IRU +XPDQ *HQRPH 9DULDWLRQ ZH KDYH
LPSOHPHQWHG WKH PRVW XSWRGDWH VHTXHQFLQJ DQG EDFNHQG
DQDO\VHV IRU VHTXHQFH PDSSLQJ YDULDWLRQ GHWHFWLRQ DQG
YDULDWLRQ ILOWHULQJ%DVHGRQ WKH LQKHULWDQFHPRGH DQG IDPLO\
VWUXFWXUH ZH SHUIRUP RQH RI VHYHUDO PRGHV RI VXEJHQRPH
VHTXHQFLQJ LQFOXGLQJZKROH H[RPH VHTXHQFLQJ FKURPRVRPH
;VXSHUH[RPHVHTXHQFLQJLQFOXGLQJODUJHULQWURQLFWHUULWRULHV
DQG SURPRWHU UHJLRQV FRPSOHWH JHQH VHTXHQFLQJ RI OLQNDJH
LQWHUYDO FRQWHQW RU V\VWHP ELRORJ\ EDVHG JHQH JURXSV ,Q
SUHOLPLQDU\ UHVXOWV ZH KDYH LQGLFDWHG WKH YDOLGLW\ RI RXU
DSSURDFK LGHQWLI\LQJ E\ ZKROH H[RPH VHTXHQFLQJ WKH
FDXVDWLYH YDULDWLRQ LQ DW OHDVW RQH RI WKH ILUVW JURXS RI 
GLVHDVHVVWXGLHG:HDLPDWJHQHUDWLQJQRYHOVFLHQWLILFLQVLJKWV




DQG KHDGV WKH &URZQ *HQRPH &HQWHU DW WKH :HL]PDQQ
,QVWLWXWH RI 6FLHQFH 3UHYLRXVO\ KH KHDGHG WKHUH WKH'HSW RI
%LRORJLFDO &KHPLVWU\ +H SLRQHHUHG JHQRPH UHVHDUFK DQG
LQIUDVWUXFWXUH GHYHORSPHQW DQG LQLWLDWHG ELRLQIRUPDWLFV DQG
6\VWHPV%LRORJ\ HIIRUWV DW:HL]PDQQ DQG LQ ,VUDHO$PDMRU
IRFXVRIKLVUHVHDUFKLVROIDFWLRQKDYLQJPDGHVRPHRIWKHILUVW
GLVFRYHULHV UHJDUGLQJ WKH PROHFXODU SDWKZD\V RI VPHOO
UHFHSWLRQ +H FXUUHQWO\ VWXGLHV WKH JHQRPLFV HYROXWLRQ DQG
SRSXODWLRQ JHQHWLFV RI KXPDQ ROIDFWRU\ UHFHSWRU JHQHV
IRFXVLQJ RQ ORVV RI IXQFWLRQ YDULDWLRQV WKDW VKDSH VHQVRU\
JHQHWLF LQGLYLGXDOLW\ ,Q DGGLWLRQ DV SDUW RI WKH *HQRPH
&HQWHUµV UHVHDUFK KH VWXGLHV KXPDQ GLVHDVH FROODERUDWLYO\
GLVFRYHULQJJHQHVIRUERWKPRQRJHQLFDQGSRO\JHQLFGLVRUGHUV
ZLWK FRQVLGHUDEOH IRFXV RQ VSHFLDO 0LG(DVWHUQ SRSXODWLRQV
3UHVHQWO\KH LVDFWLYH LQ LPSOHPHQWLQJQGDQGUG JHQHUDWLRQ
JHQRPHZLGH '1$ VHTXHQFLQJ LQ WKH GLVFRYHU\ RI
SDWKRORJLFDO JHQHWLF YDULDWLRQV WUDQVFULSWRPLFV DQG
SKDUPDFRJHQHWLFV  ,Q WKH UHDOP RI ELRLQIRUPDWLFV KH
GHYHORSHG *HQH&DUGV D ZRUOGZLGH XVHG KXPDQ JHQH ZHE
FRPSHQGLXP DXWRPDWLFDOO\ PLQHG IURP  ZHE UHVRXUFHV
/DQFHW LV PHPEHU RI WKH (XURSHDQ 0ROHFXODU %LRORJ\
2UJDQL]DWLRQ (0%2 DQG D +8*2 FRXQFLO PHPEHU +H
ZURWH D VFLHQFH FROXPQ LQ ,VUDHOµV PDMRU GDLO\ +DDUHW] DQG
FRQWLQXRXVO\ GHOLYHUV SXEOLF OHFWXUHV RQ WKH LPSDFW RI
JHQRPLFV+HZDVDZDUGHGWKH+HVWULQ3UL]H,VUDHOWKH
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3DUNLQVRQµV GLVHDVH 3' LV D FRPPRQ QHXURGHJHQHUDWLYH
V\QGURPH ZLWK DJHUHODWHG SUHYDOHQFH *HQHUDOO\ 3' LV
FRQVLGHUHG D VSRUDGLF LOOQHVV EXW a UDQJH  RI
SDWLHQWV KDYH RQH RU PRUH VW GHJUHH UHODWLYHV ZLWK
SDUNLQVRQLVP 5HFHQW VWXGLHV KDYH LPSOLFDWHG DW OHDVW 
3$5. ORFL LQ GLVHDVH SDWKRJHQHVLV ,Q UHFHQW \HDUV VHYHUDO
PRQRJHQHWLF FDXVHV RI SDUNLQVRQLVP KDYH EHHQ LGHQWLILHG
LQFOXGLQJGRPLQDQWPXWDWLRQVLQDOSKDV\QXFOHLQ61&$DQG
OHXFLQHULFK UHSHDW NLQDVH  /55. /UUN DQG UHFHVVLYH
PXWDWLRQV LQSDUNLQ35.13WHQLQGXFHGNLQDVH3,1.
'- '- DQG $73$ :H SHUIRUPHG SURVSHFWLYH
FOLQLFDOHSLGHPLRORJLFDODQGJHQHWLFVWXG\RI3DUNLQVRQLVPLQ
7XQLVLD 7KLV VWXG\ FRQFHUQHG LQ WRWDO  VWUXFWXUHG
LQWHUYLHZV FOLQLFDO H[DPLQDWLRQ DQG EORRG VDPSOHV ZHUH
FDUULHG  RXW LQFOXGLQJ   SDWLHQWV ZLWK LGLRSDWKLF 3' 
SUREDQGVZLWKIDPLOLDOSDUNLQVRQLVPGHILQHGDVKDYLQJRQHRU
PRUHDIIHFWHGLQGLYLGXDOVZLWKRIEORRGUHODWLRQVKLSDQG
 FRQWURO VXEMHFWV 2I WKH  SUREDQGV  NLQGUHGV HDFK
FRQWDLQLQJ  RU PRUH DIIHFWHG LQGLYLGXDOV ZHUH VXFFHVVIXOO\
UHFUXLWHGWRLQFOXGHDWRWDORIDIIHFWHGDQGXQDIIHFWHG
IDPLO\ PHPEHUV 7KH  NLQGUHGV ZHUH VXEVHTXHQWO\
JHQRW\SHG E\ ZLWK  PLFURVDWHOOLWH PDUNHUV IRU OLQNDJH
DQDO\VLV ,Q IDPLOLDOFDVHV/UUN*6PXWDWLRQZDV IRXQG
DV WKH FDXVH RI SDUNLQVRQLVP LQ   NLQGUHGV
LQFOXGLQJ KRPR]\JRXV SDWLHQWV ,Q DGGLWLRQ WKLV PXWDWLRQ
ZDV IRXQG WKH FDXVH RI SDUNLQVRQLVP LQ  RI O SDWLHQWV
ZLWKRXW NQRZQ IDPLOLDO KLVWRU\ 7KHUH ZHUH QR VLJQLILFDQW
GLIIHUHQFHVLQYDULRXVFOLQLFDOSDUDPHWHUVEHWZHHQ/55.DQG
LGLRSDWKLF 3' DOWKRXJK /55. SDWLHQWV VHHPHG WR GHYHORS
OHVV GHPHQWLD DQG PRUH PRWRU G\VNHQHVLD 7KH FOLQLFDO
SKHQRW\SHV LQ KRPR]\JRXV DQG KHWHUR]\JRXV /UUN *6
FDUULHUVZHUHFRPSDUDEOH'LVHDVHSHQHWUDQFHLQ/UUN*6
FDUULHUV UDQJHV IURPa LQ WKRVH\RXQJHU WKDQ\HDUV WR
JUHDWHUWKDQDW\HDUV35.1PXWDWLRQVZHUHUDUHEXW
KRPR]\JRXV LQKHULWDQFH RI 3,1. PXWDWLRQV ZDV IRXQG
UHVSRQVLEOH RI 3' LQ G  RI NLQGUHGV ZLWK IDPLOLDO




DJH DW RQVHW LQ 3,1. KRPR]\JRXV LQGLYLGXDOV ZLWK DQ
DNLQHWLFULJLG SUHVHQWDWLRQ ZLWKRXW HYLGHQFH RI VXEVHTXHQW
FRJQLWLYH GHFOLQH RU GHPHQWLD 3DUNLQVRQ GLVHDVH GLVSOD\V D
KLJKIUHTXHQF\RIJHQHWLFIRUPVLQ7XQLVLDZLWKLQSDUWLFXODUD
ODUJHSUHGRPLQDQFHRI/UUN*6PXWDWLRQ7KLVJLYHVDQ
RSSRUWXQLW\ IRU D GHWDLOHG SKHQRW\SLF DQDO\VLV DQG JHQH
SHQHWUDQFH VWXG\ &RPSDUDWLYH JHQHWLF VWXGLHV LQ WKH RWKHU
$IULFDQFRXQWULHVPD\KHOSWKHXQGHUVWDQGLQJRIWKHFDXVHVRI
WKLVSDUWLFXODUGLVWULEXWLRQRI3DUNLQVRQLVPLQ7XQLVLD
3URIHVVRU )D\oDO +HQWDWL KDV GLUHFWHG WKH 'HSDUWPHQW RI
1HXURORJ\ DQG WKH 1HXURELRORJ\ ODERUDWRU\ DW WKH 1DWLRQDO
,QVWLWXWHRI1HXURORJ\,11LQ7XQLV7XQLVLDVLQFH+H
LV DOVR WKH SDVW SUHVLGHQW RI WKH 0HGLFDO &RXQFLO RI WKLV
,QVWLWXWH+HKDVEHHQD3URIHVVRURI1HXURORJ\DW WKHIDFXOW\
RIPHGLFLQHRI7XQLVVLQFH+LVWUDLQLQJZDVVSHQWZLWKLQ
WKH )DFXOW\ RI 0HGLFLQH RI 7XQLV 7XQLVLD %LFHWUH DQG
6DOSpWULqUH KRVSLWDOV LQ 3DULV )UDQFH DQG 0DVV *HQHUDO
+RVSLWDO LQ %RVWRQ 86$ :LWK KLV JURXS KH KDV EHHQ
LQYROYHG LQ WKH VWXG\ RI SUHYDOHQW KHUHGLWDU\ QHXURORJLFDO
GLVHDVHVLQ7XQLVLDIRUPRUHWKDQ\HDUVDQGKDVFRQWULEXWHG
WRWKHGHVFULSWLRQRIQHZJHQHWLFHQWLWLHVVXFKDVMXYHQLOH$/6
DWD[LD ZLWK YLWDPLQ ( GHILFLHQF\ DQG OLPE JLUGOH PXVFXODU
G\VWURSK\ , +LV UHVHDUFK KDV OHDG WR JHQH LGHQWLILFDWLRQ RI
QXPHURXV KHUHGLWDU\ GLVHDVHV IUHTXHQW RU VSHFLILFDOO\
HQFRXQWHUHGLQ7XQLVLD/*0'&$/6,1&07$9DULRXV
QDWLRQDODQGLQWHUQDWLRQDODJHQFLHVVXFKDV$PHULFDQ0XVFXODU
'\VWURSK\ $VVRFLDWLRQ 0'$ $VVRFLDWLRQ )UDQoDLVH FRQWUH
OHV 0\RSDWKLHV $)0 DQG WKH (XURSHDQ FRPPLVVLRQ KDYH
IXQGHG WKLV UHVHDUFK 3URIHVVRU )D\oDO +HQWDWL KDV DXWKRUHG
PRUH WKDQ VFLHQWLILFSXEOLFDWLRQVDQG LV DPHPEHURI WKH
(GLWRULDOERDUGRIVHYHUDOVFLHQWLILFMRXUQDOV+HLVSUHVLGHQWRI
WKH 7XQLVLDQ $VVRFLDWLRQ RI 1HXURVFLHQFHV DQG PHPEHU
QXPHURXV VFLHQWLILF DVVRFLDWLRQV+H LV D7:$6 IHOORZ VLQFH
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+HUHGLWDU\ VKRUW VWDWXUH V\QGURPHV DUH FOLQLFDOO\ DQG JHQHWLFDOO\ KHWHURJHQHRXV GLVRUGHUV DQG WKH FDXVH KDYH QRW EHHQ IXOO\
LGHQWLILHG<DNXWVDUHDSRSXODWLRQLVRODWHGLQ$VLDWKH\OLYHLQWKHIDUHDVWRIWKH5XVVLDQ)HGHUDWLRQDQGKDYHDKLJKSUHYDOHQFH
RIKHUHGLWDU\VKRUWVWDWXUHV\QGURPHLQFOXGLQJ0V\QGURPH$QRYHOVKRUWVWDWXUHV\QGURPHLQ<DNXWVLVUHSRUWHGKHUHZKLFK
LV FKDUDFWHUL]HGE\ DXWRVRPDO UHFHVVLYH LQKHULWDQFH VHYHUH SRVWQDWDO JURZWK UHWDUGDWLRQ IDFLDO G\VPRUSKLVPZLWK VHQLOH IDFH
VPDOOKDQGVDQGIHHWQRUPDOLQWHOOLJHQFH3HOJHU+XHWDQRPDO\RIOHXFRF\WHVDQGRSWLFDWURSK\ZLWKORVVRIYLVXDODFXLW\DQG
FRORUYLVLRQ7KLVQHZV\QGURPHLVGHVLJQDWHGDVVKRUWVWDWXUHZLWKRSWLFDWURSK\DQG3HOJHU+XHWDQRPDO\623+V\QGURPH
2XU DLPVZHUH WR LGHQWLI\ D FDXVDWLYH JHQH IRU623+ V\QGURPH*HQRPHZLGH KRPR]\JRVLW\PDSSLQJZDV FRQGXFWHG LQ 
SDWLHQWVLQIDPLOLHV7KHGLVHDVHORFXVZDVPDSSHGWRWKH0EUHJLRQRQFKURPRVRPHSLQFOXGLQJWKHQHXUREODVWRPD
DPSOLILHG VHTXHQFH 1%$6JHQH6XEVHTXHQWO\ RI SDWLHQWVZHUH LGHQWLILHGZLWK623+V\QGURPHDQGKDG D *$
QXFOHRWLGHVXEVWLWXWLRQUHVXOWLQJLQWKHDPLQRDFLGVXEVWLWXWLRQ5+LQWKH1%$6JHQHLQWKHKRPR]\JRXVVWDWH1RQHRIWKH
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'HSDUWPHQW RI *HQHWLFV .LQJ )DLVDO 6SHFLDOLVW +RVSLWDO DQG 5HVHDUFK &HQWHU 0%&  5L\DGK 6DXGL $UDELD
'HSDUWPHQW RI $QDWRP\ DQG &HOO %LRORJ\ &ROOHJH RI 0HGLFLQH $OIDLVDO 8QLYHUVLW\ 5L\DGK 6DXGL $UDELD 'HSDUWPHQW RI
3HGLDWULFV&ROOHJHRI0HGLFLQH.LQJ6DXG8QLYHUVLW\6DXGL$UDELD)DONXUD\D#.IVKUFHGXVD

%DUGHW%LHGO V\QGURPH %%6 LV D PRGHO GLVHDVH IRU FLOLRSDWK\ LQ KXPDQV  7KH UHPDUNDEOH JHQHWLF KHWHURJHQHLW\ WKDW
FKDUDFWHUL]HV WKLVGLVHDVH LVFRQVLVWHQWZLWKDFFXPXODWLQJGDWDRQ WKH LQWHUDFWLRQEHWZHHQWKHSURWHLQVHQFRGHGE\ WKH%%6
JHQHVLGHQWLILHGWRGDWH3UHYLRXVUHSRUWVVXJJHVWHGWKDWVXFKLQWHUDFWLRQPD\DOVRH[WHQGWRLQVWDQFHVRIROLJRJHQLFLQKHULWDQFH
WKDW GHILHV WKH ORQJ KHOG YLHZ RI %%6 DV DQ DXWRVRPDO UHFHVVLYH GLVHDVH :H KDYH SUHYLRXVO\ GHPRQVWUDWHG WKH SRZHU RI
DXWR]\JRVLW\ PDSSLQJ LQ LGHQWLI\LQJ GLVHDVH JHQHV LQ JHQHWLFDOO\ KHWHURJHQHRXV FRQGLWLRQV  &RQVLVWHQW ZLWK WKDW QRWLRQ
DXWR]\JRVLW\PDSSLQJZDVDQHIILFLHQWZD\WRLGHQWLI\WKHXQGHUO\LQJPXWDWLRQLQHYHU\RQHRIWKHIDPLOLHVPRVWRIZKLFKDUH
PXOWLSOH[ WKDWZHUH HQUROOHG LQ WKLV VWXG\ H[FHSW IRU WKH RQHQRQFRQVDQJXLQHRXV IDPLO\ LQZKLFK D FRPSRXQGKHWHUR]\JRWH
PXWDWLRQZDVLGHQWLILHG+RZHYHUEHFDXVHRXUJRDOLQWKLVVWXG\ZDVWRLQYHVWLJDWHWKHPDJQLWXGHRIROLJRJHQLFLQKHULWDQFHLQ
%%6ZHFRQGXFWHGDFRPSUHKHQVLYHDQDO\VLVRIDOONQRZQ%%6JHQHVDVZHOODVWKH0*&PRGLILHUJHQHLQDOODIIHFWHG
DQGXQDIIHFWHGVLEOLQJV LQ WKHVHIDPLOLHV:LWKFORVH WR3&5DPSOLFRQVVHTXHQFHGDQGDQDO\]HG LQWKH ODUJHVWVWXG\WR
WDNHWKLVDSSURDFKWKXVIDUWZRLQWUDQVPXWDWLRQVLQD%%6JHQHZHUHLGHQWLILHGLQHDFKRIWKHVWXG\IDPLOLHVIRUDWRWDORI
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WKDW KDV LQWHUHVWHG WRXV IRU\HDUVZH WULHGD V\VWHPDWLFDO VWXG\RI LWV VXVFHSWLELOLW\JHQHVE\JHQRPHZLGHDVVRFLDWLRQ VWXG\
*:$6DQGQH[WJHQHUDWLRQVHTXHQFLQJ1*6,QWKLVZRUNZHUHFUXLWHGDODUJHQXPEHURIQRQIDPLO\EDVHGVFKL]RSKUHQLD
VDPSOHVRIWKH&KLQHVH+DQSRSXODWLRQOLYLQJLQGLIIHUHQWUHJLRQVDQGFDUULHGRXWDVHULHVRIJHQRPHZLGHVWXGLHVLQFOXGLQJ613
DQG &19EDVHG *:$6 DQG HSLJHQRPLFV DQG PL51$EDVHG 1*6 WR GLVVHFW JHQHWLF ULVN IDFWRUV IRU VFKL]RSKUHQLD ,Q P\
SUHVHQWDWLRQ,ZLOOVKRZPRUHUHFHQWDGYDQFHVDERXWKRWVSRWVZKLFKDUHWKRXJKWWREHVXVFHSWLEOHWRVFKL]RSKUHQLDWKURXJKWKHVH
DSSURDFKHV ,QWHUHVWLQJO\ LQ WKH IROORZXS VWXG\RIʊ5DWHVRI DGXOW VFKL]RSKUHQLD IROORZLQJSUHQDWDO H[SRVXUH WR WKH&KLQHVH
IDPLQH RI  -$0$005)”ZH IRXQG WKDW GLIIHUHQW GHJUHHV RIPHWK\ODWLRQV DSSHDU RQ EHWZHHQJHQHV GHWHUPLQLQJ
QHXUDO SDWKZD\V LQ FDVHV DQG FRQWUROV ZKLFK PD\ UHIOHFW WKH GDWLQJ YHQXH IRUʊGLDlog” RUʊFRPPXQLFDWion” RI LQWHUDFWLRQ
EHWZHHQPHWDOGLVRUGHUVDQGHQYLURQPHQW
 
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FRQILUPV WKH JHQHµV SRVLWLYH UROH LQ WKH LQQHU HDU GHYHORSPHQW LQ KXPDQV 7KH F*7PXWDWLRQ UHVXOWV LQ VXEVWLWXWLRQ RI
JO\FLQHE\F\VWHLQHDWDPLQRDFLGS*&7KLVUHVLGXHLVFRQVHUYHGLQVHYHUDOVSHFLHVDQGDFURVV)*)IDPLO\PHPEHUV
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02/(&8/$5 &+$5$&7(5,=$7,21 2) %,57+ '()(&76 81,7(' $5$% (0,5$7(6
(;3(5,(1&(

7KH 8QLWHG $UDE (PLUDWHV ORFDO LQKDELWDQWV DUH WULEDO LQ QDWXUH
ZLWKGLYHUVHDQFHVWULHV LQFOXGLQJ$UDEV IURP WKH VRXWKDQGQRUWK
RI WKH $UDELDQ 3HQLQVXOD 3HUVLD %DOXFKLVWDQ DQG (DVW $IULFD
+RZHYHU DERXW  RI WKH FXUUHQW  PLOOLRQ LQKDELWDQWV DUH
H[SDWULDWHVIURPWKH$VLDQVXEFRQWLQHQWDQGIURP$UDEDQG0LGGOH
(DVWHUQ DQG (XURSHDQ FRXQWULHV 'HVSLWH WKLV DGPL[WXUH RI
SRSXODWLRQVLQWHUPDUULDJHVEHWZHHQWKHVHJURXSVDUHVWLOOUDUHZLWK
FRQVDQJXLQHRXVPDUULDJHV ZLWKLQ WKH 8$( ORFDO DQG RWKHU $UDE
DQG0XVOLPSRSXODWLRQVDUHVWLOOWKHQRUPOHDGLQJWRWKHIRUPDWLRQ
RI SRSXODWLRQ LVRODWHV DQG LQGHHG WKH DSSHDUDQFH RI UDUH JHQHWLF
GLVRUGHUV $FFRUGLQJ WR WKH 8$( 0LQLVWU\ RI +HDOWK 6WDWLVWLFV
JHQHWLFGLVRUGHUVDUHWKHIRXUWKFDXVHRIWKHGHDWKLQWKH8$(,Q




IURP D OLPLWHG QXPEHU RI PDLQ DQFHVWRUV DQG WKH GLVHDVH JHQHV
UHIOHFW WKH VDPSOH FDUULHG E\ WKH IRXQGLQJ PHPEHUV 7KHUHIRUH
ZKLOH VRPHELUWK GHIHFWV DUH FRPPRQ WKURXJKRXW WKH SRSXODWLRQ
RWKHUVDUHFRQILQHGWRVSHFLILFYLOODJHVIDPLOLHVDQGWULEDOJURXSV
OHDGLQJ WR XQXVXDO JHQHWLF EXUGHQ RQ WKHVH FRPPXQLWLHV  ,Q
DGGLWLRQ WKHUH DUH PDQ\ ELUWK GHIHFWV ZKLFK DUH XQLTXH WR WKLV
SRSXODWLRQ 2YHU WKH ODVW  \HDUV ZH KDYH EHHQ LQYROYHG LQ
UHVHDUFKLQWRWKHHOXFLGDWLRQRIWKHXQGHUO\LQJPROHFXODUGHIHFWVRI
WKHVH FRQGLWLRQV  +HUHZH SUHVHQW RXU H[SHULHQFH LQ LGHQWLI\LQJ
WKHPROHFXODUEDVLVRIELUWKGHIHFWVSUHYDOHQWLQWKLVSRSXODWLRQ






3DHGLDWULFV DQG &KLOG +HDOWK 8. 6KH LV PHPEHU RI
VHYHUDO LQWHUQDWLRQDO RUJDQL]DWLRQV 3URI $O*D]DOL DOVR
PDGH DQ LPSRUWDQW FRQWULEXWLRQ LQ WKH DUHD RI &OLQLFDO
*HQHWLFV SURYLGLQJ D VLJQLILFDQW DPRXQW RI LQIRUPDWLRQ
UHJDUGLQJ JHQHWLF GLVRUGHUV VSHFLILF WR WKH 8$( DQG WKH
$UDEZRUOGLQJHQHUDO6KHKDVSURYLGHGLPSRUWDQWGDWDRQ
WKHFOLQLFDOSKHQRW\SHVDQGQDWXUDOKLVWRU\RIPDQ\JHQHWLF
V\QGURPHV+HU H[SHUWLVH LQ&OLQLFDO'\VPRUSKRORJ\ KDV
EHHQ ZLGHO\ UHFRJQL]HG E\ WKH LQWHUQDWLRQDO FRPPXQLW\
$O*D]DOLZDVSURILOHGLQWKH/DQFHWLQ0DUFKIRUKHU
FRQWULEXWLRQ WR &OLQLFDO *HQHWLFV DQG UHVHDUFK LQ WKH
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DUH YHU\ UDUH 5HFHQWO\ D ODUJH LQEUHG 6\ULDQ SHGLJUHH ZDV
UHSRUWHG ZLWK ROLJRGRQWLD LQ DVVRFLDWLRQ ZLWK D GHJHQHUDWLYH
QHXURORJLF FRQGLWLRQ FKDUDFWHUL]HG E\ SURJUHVVLYH DWD[LD DQG
S\UDPLGDO V\QGURPH DQG DEQRUPDOLWLHV LQ WKH ZKLWH PDWWHU DQG
FRUWLFDODWURSK\$JHQRPHZLGHOLQNDJHDQDO\VLVXVLQJWKHN
613V $II\PHWUL[ DUUD\ ZDV WKHQ XQGHUWDNHQ DQG D PD[LPXP
PXOWLSRLQWORGVFRUHVRI13/VFRUH ZDVGHWHFWHGRQ
FKURPRVRPH T UHJLRQ 7KLV JHQRPLF LQWHUYDO FRQWDLQV 
NQRZQ JHQHV LQFOXGLQJ WKH 3URVDSRVLQ JHQH 36$3 UHVSRQVLEOH
IRU PHWDFKURPDWLF OHXNRG\VWURSK\ ZKLFK ZDV H[FOXGHG
6HYHQWHHQ DGGLWLRQDO FDQGLGDWH JHQHV ZHUH WHVWHG DQG H[FOXGHG
5HFHQWO\ VHTXHQFLQJ RI D JHQH DOORZHG WKH LGHQWLILFDWLRQ RI WKH
FDXVDWLYH JHQH LQ WKLV UDUH GLVHDVH WKHUHE\ LPSURYLQJ WKH
XQGHUVWDQGLQJ RI WKH SK\VLRSDWKRORJ\ RI WKLV GLVHDVH 7HQ RWKHU
IDPLOLHV FROOHFWHG ZRUOGZLGH ZHUH DQDO\]HG DV ZHOO 0XWDWLRQV
ZHUHIRXQGLQRIWKHP:HZLOOGLVFXVVWKHUHVXOWVRIWKLVVWXG\
+H LV SURIHVVRU RI PHGLFDO JHQHWLFV DQG KHDG RI WKH
0HGLFDO*HQHWLF8QLW6W-RVHSK8QLYHUVLW\/HEDQRQ'U
0HJDUEDQH LV DXWKRU DQG FRDXWKRU RI PRUH WKDQ 
SXEOLFDWLRQV +H LV PHPEHU RI WKH /HEDQHVH 1DWLRQDO
%LRHWKLFV &RPPLWWHH PHPEHU RI WKH )UHQFK 6RFLHW\ RI
*HQHWLFVDQG*HQHWLF&RXQVHOLQJWKH$PHULFDQ6RFLHW\RI
+XPDQ *HQHWLFV DQG WKH (XURSHDQ 6RFLHW\ RI +XPDQ
*HQHWLFV'U0HJDUEDQHLVPHPEHURIWKHHGLWRULDOERDUG
RIWKH(XURSHDQ-RXUQDORI0HGLFDO*HQHWLFVDQGPHPEHU
RI WKH5DPPDO5DPPDO3UL]H&RPPLWWHH+H LV UHFLSLHQW
RI IRXU VFLHQWLILF DZDUGV QDPHO\ $EGHO +DPLG 6KXPDQ
$ZDUG 5DPPDO 5DPPDO 0HGDO 0RKDPPDG (O)DVL
<RXQJ 5HVHDUFKHU DQG 0DNK]RXPL $VVRFLDWLRQ $ZDUG
'U0HJDUEDQHKDVDQDFWLYH UHVHDUFKZLWK LQWHUHVW LQ WKH
GRPDLQV RI PHQWDO UHWDUGDWLRQV G\VPRUSKRORJ\ RVVHRXV
PDOIRUPDWLRQVDQGRWKHUV
 
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'HVSLWH WKHIDFW WKDWVHYHUDO LQKHULWHGKHPDWRORJLFDOGLVRUGHUVDUH
NQRZQ WR EH SUHYDOHQW LQ ,UDT OLWWOH ZDV NQRZQ DERXW WKHLU
PROHFXODUEDVLVXQWLOTXLWH UHFHQWO\0\SUHVHQWDWLRQ LV WR UHYLHZ
WKHHIIRUWVRIRXUUHVHDUFKJURXSRYHUWKHSDVWIHZ\HDUVWRSXUVXH
WKLV HQGHDYRU 3UHYDOHQFH RI ȕ WKDODVVHPLD YDULHV EHWZHHQ 
 DPRQJ ,UDTLV 0ROHFXODU FKDUDFWHUL]DWLRQ UHYHDOHG
KHWHURJHQHLW\ LQ WKHGLVWULEXWLRQRIȕ WKDODVVHPLDPXWDWLRQVHYHQ




WKH FRXQWU\ 6WXGLHV IURP 1RUWKHUQ ,UDT UHYHDOHG WKDW WKH PRVW
FRPPRQ JHQRW\SH ZDV ±Į⁄αα IROORZHG E\ WKH ±±0('⁄αα
6LFNOH FHOO FDUULHU VWDWH YDULHG LQ IUHTXHQF\ IURP 
+DSORW\SHDQDO\VLV LQ1RUWKHUQ ,UDT UHYHDOHG WKDW LW LV DVVRFLDWHG
ZLWKWKH%HQLQ+DSORW\SHLQDURXQGWKUHHTXDUWHUVRIFDVHV*3'
GHILFLHQF\ KDV EHHQ UHSRUWHG LQ  RI ,UDTL PDOHV 7KH
0HGLWHUUDQHDQDQG&KDWKDPGHILFLHQWYDULDQWVFRQVWLWXWHGWKHEXON
RI WKHGHILFLHQWYDULDQWVERWK LQ$UDEVDQG.XUGV7KURPERSKLOLF
PXWDWLRQV ZHUH DOVR LQYHVWLJDWHG )DFWRU 9 OHLGHQ *$
3URWKURPELQPXWDWLRQ *$ DQG KRPR]\JRVLW\ WR07+)5
&7ZHUH IRXQG LQDQGRIKHDOWK\ LQGLYLGXDOV
UHVSHFWLYHO\6RPHRI WKHFOLQLFDO DVVRFLDWLRQVRI WKHVHPXWDWLRQV
ZHUHDOVRVWXGLHG7KHSUHVHQWDWLRQZLOODOVRLQFOXGHDQRYHUYLHZ





WKH IDFXOW\RI0HGLFLQH8QLYHUVLW\RI'RKXN ,UDT+H LV
DOVR LQ FKDUJH RI PHGLFDO PROHFXODU UHVHDUFK DW WKH
VFLHQWLILF UHVHDUFK FHQWHU RI WKH ODWWHU8QLYHUVLW\'U$O
$OODZL REWDLQHG KLV 0%&K% IURP WKH 8QLYHUVLW\ RI
%DJKGDG,UDTLQWKHUHDIWHUKLV06FDQG3K'GHJUHHV
LQ +HPDWRORJ\ DW WKH 8QLYHUVLWLHV RI %DJKGDG DQG
0DQFKHVWHU8QLWHG .LQJGRP 'U $O$OODZL WUDLQHG DQG
SUDFWLFHGDWWKH0DQFKHVWHU5R\DO,QILUPDU\8.0HGLFDO
&LW\ WHDFKLQJ +RVSLWDO LQ %DJKGDG DQG ILQDOO\ DW $]DGL
7HDFKLQJ +RVSLWDO LQ 'RKXN,UDT +LV VSHFLDO LQWHUHVW LV
LQKHULWHGKHPDWRORJLFDOGLVRUGHUVIRUZKLFKKHHVWDEOLVKHG
D UHVHDUFK JURXS ZKLFK WDFNOHG WKH WDVN RI PROHFXODU
FKDUDFWHUL]DWLRQ RI WKHVH GLVRUGHUV LQ ,UDTLV +H KDV
DXWKRUHGRUFRDXWKRUHGDURXQGSDSHUV LQ,QWHUQDWLRQDO
DQG$UDEPHGLFDOMRXUQDOV+HLQLWLDWHGLQDUHJLRQDO
+HPRJORELQRSDWK\ SUHYHQWLYH SURJUDP LQ QRUWKHUQ ,UDT
WKHILUVWLQKLVFRXQWU\ZKLFKKHLVFXUUHQWO\VXSHUYLVLQJ
 
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(5$662&,$7(' 3527(,1 '(*5$'$7,21 (5$' ,6 $ &20021 &(//8/$5 0(&+$1,60
)250$1<*(1(7,&',625'(56 

0RUH WKDQ D WKLUG RI DOO FHOOXODU SURWHLQV DUH WDUJHWHG WR WKH
HQGRSODVPLF UHWLFXOXP (5 DV D ILUVW VWHS LQ WKHLU WUDIILFNLQJ
URXWHV DORQJ WKH VHFUHWRU\ SDWKZD\ WR WKHLU ILQDO FHOOXODU
GHVWLQDWLRQV7KHSURFHVVHVRISURWHLQIROGLQJDVVHPEO\LQWRPXOWL
VXEXQLW FRPSOH[HV DQG H[SRUW RXW RI WKH (5 DUH VXEMHFWHG WR D
VWULQJHQWTXDOLW\FRQWUROV\VWHPWRHQVXUHWKDWRQO\SURSHUO\IROGHG
DQG DVVHPEOHG SURWHLQV H[LW WKH (5 0DOIROGHG SURWHLQV DQG
XQDVVHPEOHGVXEXQLWVRISURWHLQFRPSOH[HVDUHUHMHFWHGE\WKLV(5
TXDOLW\ FRQWURO V\VWHP DQG UHWUDQVORFDWHG WR WKH F\WRVRO IRU
GHJUDGDWLRQ E\ WKH XELTXLWLQSURWHDVRPH 7KLV SURFHVV KDV EHHQ
QDPHG(5$'(5$VVRFLDWHGSURWHLQ'HJUDGDWLRQDQGKDVEHHQ
LPSOLFDWHG LQ WKH FHOOXODU PHFKDQLVPV RI DW OHDVW  KXPDQ
PRQRJHQLF GLVHDVHV LQFOXGLQJ F\VWLF ILEURVLV 'XH WR WKH KLJK
VWULQJHQF\RI(5$'DQGWKHODUJHQXPEHURIFHOOXODUSURWHLQVWKDW
KDV WRSDVV WKURXJK WKH VHFUHWRU\SDWKZD\ aZH UHDVRQHG
WKDW(5$'VKRXOGEHLPSOLFDWHGLQWKHPHFKDQLVPVRIPDQ\PRUH
KXPDQ PRQRJHQLF FRQGLWLRQV :H WKHUHIRUH XWLOL]HG
ELRLQIRUPDWLFVDQGGDWDPLQLQJDSSURDFKHVDQGIRXQGWKDWDWOHDVW
 RI DOO NQRZQ KXPDQ GLVHDVH JHQHV KDYH DQ (5WDUJHWLQJ
VLJQDO DQG FRQVHTXHQWO\ ZH LGHQWLILHG PDQ\ (5$' GLVHDVH
FDQGLGDWHV:H YDOLGDWHG RXU SUHGLFWLYH DSSURDFK H[SHULPHQWDOO\
E\ HVWDEOLVKLQJ WKDW (5$' LV LQGHHG UHVSRQVLEOH IRUPRVW RI WKH
ORVVRIIXQFWLRQ PLVVHQVH PXWDWLRQV LQ WKH JHQHV LQYROYHG LQ D
QXPEHU RI WKH LGHQWLILHG (5$' GLVHDVH FDQGLGDWHV LQFOXGLQJ
5RELQRZ V\QGURPH $FURPHVRPHOLF '\VSODVLD W\SH
0DURWHDX[6SRQG\OR0HWD(SLSK\VHDO '\VSODVLD 6KRUW /LPE
+DQG 7\SH 60('6/ DQG VRPH IRUPV RI +HUHGLWDU\
+HPRUUKDJLF7HODQJLHFWDVLD
'U%DVVDP$OLLVDQDVVRFLDWHSURIHVVRULQ0ROHFXODUDQG
*HQHWLF0HGLFLQH DQG WKH OHDGHU RI WKH *HQHWLFV DQG
'HYHORSPHQW 5HVHDUFK 3ULRULW\ *URXS DW WKH )DFXOW\ RI
0HGLFLQH DQG +HDOWK 6FLHQFHV 8$( 8QLYHUVLW\ 'U $OL
REWDLQHG KLV %6F DQG 06F GHJUHHV IURP <DUPRXN
8QLYHUVLW\LQ-RUGDQDQG3K'GHJUHHLQELRFKHPLVWU\IURP
WKH8QLYHUVLW\RI&DPEULGJHZKHUHKHZDVWKHUHFLSLHQWRI
6DLG )RXQGDWLRQ VFKRODUVKLS 6XEVHTXHQWO\ 'U $OL
ZRUNHG DV DW ,PSHULDO &ROOHJH /RQGRQ DQG 8QLYHUVLW\
&ROOHJH /RQGRQ EHIRUH MRLQLQJ WKH 8$( 8QLYHUVLW\ LQ
$XJXVW  +LV FXUUHQW UHVHDUFK LQWHUHVWV DUH 
(OXFLGDWLRQ RI WKH FHOOXODU DQG PROHFXODU PHFKDQLVPV
XQGHUO\LQJ KXPDQ JHQHWLF GLVHDVHV  7KH LGHQWLILFDWLRQ
RIGLVHDVHJHQHVUHVSRQVLEOHIRUUDUHUHFHVVLYHGLVRUGHUVLQ
$UDE SRSXODWLRQV DQG  7KH UHJXODWLRQ RI FHOOXODU
WUDIILFNLQJ LQ HXNDU\RWLF FHOOV'U $OL SXEOLVKHG RYHU 
DUWLFOHV LQ LQWHUQDWLRQDO UHIHUHHG MRXUQDOV DQGKH LVRQ WKH
HGLWRULDOERDUGRIWKH-RXUQDORI0HGLFDO6FLHQFHV'U$OL
LV D IHOORZ RI WKH +LJKHU (GXFDWLRQ $FDGHP\ DQG D
PHPEHU RI VHYHUDO VRFLHWLHV LQFOXGLQJ WKH $PHULFDQ
6RFLHW\ IRU &HOO %LRORJ\ DQG WKH (XURSHDQ 6RFLHW\ IRU
+XPDQ*HQHWLFV
 
126 HUGO J (2011) 5:1–346
123













+XPDQ *HQHWLF 8QLW 0LQLVWU\ RI +HDOWK 32 %R[  3F  0XVFDW 2PDQ ,QVWLWXWH RI +XPDQ *HQHWLFV 1HZFDVWOH
8QLYHUVLW\8.'HSDUWPHQWRI1HXURSHGLDWULFVDQG1HXUR&XUH&OLQLFDO5HVHDUFK&HQWHU&KDULWp8QLYHUVLW\0HGLFDO6FKRRO
%HUOLQ *HUPDQ\ 'HSDUWPHQW RI 5KHXPDWRORJ\ $OGHU+H\ &KLOGUHQ
V+RVSLWDO /LYHUSRRO 8. &RUH )DFLOLW\ IRU (OHFWURQ
0LFURVFRS\&KDULWp8QLYHUVLW\0HGLFDO6FKRRO%HUOLQ*HUPDQ\GUDUDMDE#RPDQWHOQHWRP

,Q  2PDQL SDWLHQWV ZLWK &RQJHQLWDO *HQHUDOL]HG /LSRG\VWURSK\ JHQHUDOL]HG DEVHQFH RI DGLSRVH WLVVXH ZDV FRPPRQ WR DOO
SDWLHQWV+RZHYHUWKH\GRQRWDSSHDUWRFRPSULVHDQHQWLUHO\KRPRJHQRXVHQWLW\3KHQRW\SLFDVVRFLDWLRQZDVQRWHGEHWZHHQWKH
SUHVHQFHRIDFDQWKRVLVQLJULFDQVHDUO\RQVHWRIPHWDEROLFGLVWXUEDQFHDQGVHYHULW\RISKHQRW\SH&KLOGUHQZLWKDFDQWKRVLVKDG
PRUHSURPLQHQWGHOD\ LQGHYHORSPHQWDFURPHJDORLG IHDWXUHVDQGGHYHORSHGRI LQVXOLQ UHVLVWDQFHDQGK\SHUOLSLGHPLD LQHDUO\
FKLOGKRRG$VHDUFKIRUKRPR]JRVLW\LVEHLQJFDUULHGRXW2QO\IRXUFKLOGUHQKDYHIRXQGWREHKRPR]\JRXVIRU&*/&*/
DQG&*/ORFLRIT4DQG41RQHRIWKHSDWLHQWVZHUHKRPR]\JRXVIRUTLQYROYHGLQSDUWLDOOLSRG\VWURSK\
)3/' 6HYHQWHHQ DIIHFWHG FKLOGUHQ QHLWKHU KDG DFDQWKRVLV QRU HDUO\ LQVXOLQ UHVLVWDQFH RU PDUNHGO\ GHOD\HG GHYHORSPHQW
7KH\KDYH VWULNLQJ DEQRUPDOLWLHV LQ ERWK VNHOHWDO DQG QRQVNHOHWDOPXVFOHZLWKP\RSDWK\PXVFOH ULSSOLQJ DQG VXGGHQGHDWK
7KHLUIHDWXUHVLQFOXGHGSURPLQHQFHRIVNHOHWDOPXVFOHVUHGXFHGH[HUFLVHWROHUDQFHYHQRPHJDO\ LQIDQWLOHK\SHUWURSKLFS\ORULF
VWHQRVLV GLVWXUEDQFH RI FDUGLDF UK\WKP ORQJ47 V\QGURPH EUDG\FDUGLD VXSUDYHQWULFXODU DQG YHQWULFXODU WDFK\FDUGLDV









ZLWK IOXRUHVFHQW LPDJLQJ 375)&$9,1 GHILFLHQF\ WKXV SUHVHQWV WKH SKHQRW\SLF VSHFWUXP FDXVHG E\ D TXLQWHVVHQWLDO ODFN RI
IXQFWLRQDO FDYHROD LQ &*/ SDWLHQWV 7UDQVIHFWLRQ RI IXOOOHQJWK 375)&$9,1 UHHVWDEOLVKHG WKH SUHVHQFH RI FDYHROD ZKLFK
RSHQVSURVSHFWVIRUIXWXUHQHZWKHUDSLHVLQOLSRG\VWURSK\SDWLHQWV
 
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D VLJQLILFDQW UHGXFWLRQ LQ UHSURGXFWLYH ILWQHVV VXJJHVWV WKDW VRPH &+' PD\ EH FDXVHG E\ GRPLQDQW GH QRYR PXWDWLRQV
FRPSOLFDWLQJ JHQH GLVFRYHU\ E\ WUDGLWLRQDO PDSSLQJ )XUWKHU GHVSLWH WKH UHFRJQL]HG VWURQJ DVVRFLDWLRQ RI &+' ZLWK ODUJH
FKURPRVRPDODEQRUPDOLWLHVYHU\OLWWOHLVNQRZQDERXWZKLFKVSHFLILFGRVDJHVHQVLWLYHJHQHVZLWKLQDIIHFWHGORFLDUHFDXVDWLYH
:H JHQRW\SHG  SDWLHQWV ZLWK +HWHURWD[\ +W[  D VHYHUH &+' DVVRFLDWHG ZLWK DEQRUPDOLWLHV LQ OHIWULJKW /5 ERG\
SDWWHUQLQJDQGFRQWUROVDQGGHWHFWHGDIROGH[FHVVRIVXEMHFWVZLWKQRYHOJHQLFFRS\QXPEHUYDULDQWV&19VLQWKH+W[










183 52&. DQG 7*)%5 QRQH SUHYLRXVO\ LPSOLFDWHG LQ +W[ :H DOVR VKRZ WKDW WKHVH HIIHFWV DUH VSHFLILF E\ 02
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5HFHQW DGYDQFHPHQWV LQ JHQRPLF WHFKQRORJLHV DUH FKDQJLQJ WKH
VFLHQWLILF KRUL]RQ GUDPDWLFDOO\ DFFHOHUDWLQJ ELRPHGLFDO UHVHDUFK
)RU ZLGH LPSOHPHQWDWLRQ RI WKHVH WHFKQRORJLHV WKHLU DFFXUDF\
WKURXJKSXW FRVW DQGZRUNIORZQHHG WREH DGGUHVVHG ,Q WKHSDVW
VHYHQ\HDUV WKHFRVWRI IXOOKXPDQJHQRPHVHTXHQFLQJKDVEHHQ
UHGXFHGE\  RUGHUV RIPDJQLWXGH DQG UHGXFWLRQZLOO FRQWLQXH
E\DQRWKHUIROGLQWKHQH[WIHZ\HDUV$WWKDWFRVWOHYHOPDMRU
ELRPDUNHU GLVFRYHULHV ZLOO IXHO DGRSWLRQ RI WKH ODWHVW JHQRPLF
WHFKQRORJLHV IRU PHGLFLQH DJULFXOWXUH FRQVXPHU SURGXFWV DQG
IRUHQVLFV ,Q WKLV WDON ZH ZLOO GLVFXVV ,OOXPLQDµV HIIRUWV DQG
SURYLGHRXUSHUVSHFWLYHVRQWKHIXWXUHRIJHQRPLFV
0RVWDID5RQDJKL 3K' MRLQHG ,OOXPLQD LQ$XJXVW 
DQG LV UHVSRQVLEOH IRU OHDGLQJ LQWHUQDO UHVHDUFK SURJUDPV
DQG HYDOXDWLQJ QHZ WHFKQRORJLHV IRU WKH &RPSDQ\
0RVWDID LVDQH[SHULHQFHGHQWUHSUHQHXUDQGZDV LQYROYHG
LQ WKH VWDUWXS RI IRXU OLIH VFLHQFHV FRPSDQLHV ,Q 
0RVWDID FRIRXQGHG $YDQWRPH D SULYDWHO\KHOG
VHTXHQFLQJFRPSDQ\%HIRUHWKLVKHFRIRXQGHG1H[W%LR
DVHDUFKHQJLQHIRUOLIHVFLHQFHGDWD,Q0RVWDIDFR
IRXQGHG 3DU$OOHOH %LRVFLHQFH ZKLFK ZDV HYHQWXDOO\
DFTXLUHG E\ $II\PHWUL[ ,QF DQG ZDV LQYROYHG LQ WKH
GHYHORSPHQWDQGFRPPHUFLDOL]DWLRQRIKLJKO\PXOWLSOH[HG
WHFKQRORJ\ IRU JHQHWLF WHVWLQJ ,Q  KH FRIRXQGHG
3\URVHTXHQFLQJ $% ZKLFK ZDV UHQDPHG WR %LRWDJH LQ
 DQG OHG WKH FRPSDQ\ WR D VXFFHVVIXO LQLWLDO SXEOLF
RIIHULQJ LQ -XQHRQ WKH6WRFNKROP6WRFN([FKDQJH
0RVWDIDZDVDSULQFLSDOLQYHVWLJDWRUDW6WDQIRUG8QLYHUVLW\
IURP±DQGIRFXVHGRQWKHGHYHORSPHQWRIQRYHO
WRROV IRUPROHFXODU GLDJQRVWLF DSSOLFDWLRQV +H VHUYHV RQ
WKH ERDUG RI GLUHFWRUV RI 0LFURFKLS %LRWHFKQRORJLHV
1H[W%LR DQG$XURUD %LRIXHOV0RVWDID HDUQHG KLV 3K'
IURP WKH 5R\DO ,QVWLWXWH RI 7HFKQRORJ\ LQ 6ZHGHQ
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%LR1DQRPDWUL[ ,QF KDV GHYHORSHG WKH ZRUOGµV ILUVW FRPPHUFLDO
V\VWHPQDQR$QDO\]HUIRUKLJKWKURXJKSXWG\QDPLFVLQJOH
PROHFXOH OHYHO DQDO\VLV XVLQJ D KLJK GHQVLW\ QDQRFKDQQHO DUUD\
SODWIRUP7KHFRUHWHFKQRORJ\FRQVLVWVRIDQDQRIOXLGLFFKLSZLWK
WKRXVDQGV RI PDVVLYHO\ SDUDOOHO FKDQQHOV RI OHVV WKDQ  QP
IDEULFDWHG RQ WKH VXUIDFH RI D VLOLFRQ FKLS /RQJ JHQRPLF'1$
PROHFXOHV RI µV NEV WR PXOWLPHJDEDVHV FDQ EH OLQHDUO\
VWUHDPHG FRQWLQXRXVO\ LQWR WKHVH ORQJ FKDQQHOV DQG DQDO\]HG
LQGLYLGXDOO\ LQ DPDVVLYH SDUDOOHO IDVKLRQ  )OXRUHVFHQWO\ ODEHOHG
PROHFXODUOHQJWKVHTXHQFHDQGFKHPLFDOPRLHW\VSHFLILFVLJQDWXUH
DWJHQRPLFDQGHSLJHQRPLF OHYHOFRXOGEH LPDJHGDQGFRUUHODWHG
WR D VHULHV RI TXDQWLWDWLYH OLQHDU SDWWHUQV DW KLJK UHVROXWLRQ LQ
VWDQGDUGL]HG IRUPDW XVLQJ %LR1DQRPDWUL[µV QDQR6WXGLR70 DQG
QDQR0DS70 VRIWZDUH VXLWH  7KLV DXWRPDWHG KLJKUHVROXWLRQ
PXOWLFRORULPDJLQJSODWIRUPHQDEOHVDZLGHUDQJHRIDSSOLFDWLRQV
LQFOXGLQJ GLUHFW VLQJOH PROHFXOH OHYHO VDPSOH TXDOLW\ FRQWURO
GLUHFW '1$ GDPDJH DQG FKHPLFDO PRGLILFDWLRQ DVVHVVPHQW
DFFXUDWH JHQRPH ILQLVKLQJ DQG DVVHPEO\ DQG '1$ VWUXFWXUDO





JHQHWLF LQIRUPDWLRQ IHDVLEOH LQ EURDGUDQJLQJ DSSOLFDWLRQV
LPSDFWLQJPROHFXODUGLDJQRVWLFVSHUVRQDOL]HGPHGLFLQHDQGGDLO\
ELRPHGLFDOUHVHDUFK




FRPSDQ\µV JURXQG EUHDNLQJ FRUH VLQJOHPROHFXOH
QDQRFKDQQHODUUD\ZKROHJHQRPHDQDO\VLVWHFKQRORJ\WKDW
OHG WR WKH FRPPHUFLDO GHYHORSPHQW RI QDQR$QDO\]HU
 V\VWHP +LV GLYHUVH H[SHULHQFH LQFOXGHV VLJQDO
WUDQVGXFWLRQ SDWKZD\ VWXG\ WUDQVJHQLF DQG NQRFNRXW
DQLPDO PRGHOV LQ FDQFHU DQG DJLQJ LQGXVWU\ VFDOH
PLFURDUUD\DQGJHQRPLFVWHFKQRORJ\GHYHORSPHQWDVZHOO
DV PLFURQDQRIOXLGLFV GHVLJQ DQG IDEULFDWLRQ DW VLQJOH
PROHFXOH DQG VLQJOH FHOO OHYHO DQDO\VLV +H ZRUNHG LQ
&KLQD
V 1DWLRQDO .H\ /DE RI 3ODQW *HQHWLF DQG 3URWHLQ
(QJLQHHULQJ DW %HLMLQJ 8QLYHUVLW\ WKH *OREDO 3ODQW
*HQRPLF8QLWRI'X3RQW	&R,QVWLWXWHIRU+XPDQ*HQH
7KHUDS\RI8QLYHUVLW\RI3HQQV\OYDQLD0HGLFDO&HQWHUDQG
'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ RI 3ULQFHWRQ
8QLYHUVLW\ 'U &DR LV D IUHTXHQWO\ LQYLWHG VSHDNHU DQG
SDQHOLVW DW LQWHUQDWLRQDO ELRWHFK QDQRWHFK DQG
HQWUHSUHQHXUVKLSHYHQWV+HKDVEHHQOHDGLQJPXOWLSOH1,+
DQG1,67IXQGHGSURMHFWVDQGVHUYHGRQPDQ\1,+JUDQW
DQG FRQWUDFW UHYLHZ SDQHOV %LR1DQRPDWUL[µV WHFKQRORJ\
KDV ZRQ %HQ )UDQNOLQ 7HFKQRORJ\ 3DUWQHUµV 
(PHUJLQJ 7HFKQRORJ\%XVLQHVV$ZDUG )URVW	 6XOOLYDQ
7HFKQRORJ\,QQRYDWLRQRIWKH\HDULQGUXJGLVFRYHU\
0,7 7HFKQRORJ\ 5HYLHZ  7RS 7HQ (PHUJLQJ
7HFKQRORJ\ZLOOFKDQJHWKH:RUOGDQGWKHFRPSDQ\ZDV
UHFHQWO\ QDPHG  WRS  FRPSDQLHV WR ZDWFK E\
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%DVHG RQ D QRYHO WHFKQRORJ\ HPSOR\LQJ XQFKDLQHGEDVH UHDGLQJ
RQ '1$ QDQRDUUD\V 'UPDQDF HW DO 6FLHQFH  &RPSOHWH
*HQRPLFVVHTXHQFHVKLJKO\DFFXUDWHRYHUJHQRPHVDQG
KDVDKLJKO\HIILFLHQW  ODUJHVFDOHFRPPHUFLDO IDFLOLW\FDSDEOHRI
VHTXHQFLQJ  PRUH WKDQ  JHQRPHV SHU PRQWK 7KH ODVW 
GHOLYHUHG JHQRPHV FRQWDLQHG JUHDWHU WKDQ [ UHDG FRYHUDJH DQG
GLSORLGFDOOVRIRYHURIWKHJHQRPHDQGWKHH[RPH2XUILYH
\HDU SODQ LV WR VHTXHQFH KXQGUHGV RI WKRXVDQGV FRPSOHWH KXPDQ
JHQRPHVDQGEH WKH ILUVWFRPSDQ\ WRDFKLHYH WKHJHQRPH
,Q DGGLWLRQ ZH DUH FXUUHQWO\ GHYHORSLQJ DQ HQKDQFHPHQW RI RXU
SURFHVV UHVXOWLQJ LQ FOLQLFDOJUDGH JHQRPH DFFXUDF\ LQFOXGLQJ
KDSORW\SLQJ 2XU VHTXHQFLQJ VHUYLFH LQFOXGHV '1$ OLEUDU\
SUHSDUDWLRQVHTXHQFLQJPDSSLQJDVVHPEO\DQGDQDO\VLVDVZHOO
DVYDULRXVGDWDDQDO\VLVWRROV7KHGDWDLQFOXGHVHDV\WRXVHOLVWVRI
DQQRWDWHG JHQHWLF YDULDQWV 613V LQGHOV 619V 69V IRU HDFK
JHQRPH7KHVH OLVWV DOORZ VFLHQWLVWV WR VWXG\ WKH JHQHWLF EDVLV RI
DQ\RI WKRXVDQGVRI GLIIHUHQW GLVHDVHVZLWKRXW WKH FRVW DQG ODERU
DVVRFLDWHG ZLWK EXLOGLQJ RSHUDWLQJ DQG PDLQWDLQLQJ ODUJHVFDOH
VHTXHQFLQJ DQG FRPSXWLQJ IDFLOLWLHV 1XPHURXV VWXGLHV ZLWK
FROODERUDWRUVKDYHEHHQFRPSOHWHGDQGWKLVSUHVHQWDWLRQZLOOVKRZ
H[DPSOHV RI WKH XWLOLW\ RI FRPSOHWH JHQRPH VHTXHQFLQJ IRU
GLVFRYHU\ RI QRYHO JHQHV DQG SDWKZD\V 7KH DYDLODELOLW\ RI
DIIRUGDEOH FRPSOHWH KXPDQ JHQRPH VHTXHQFLQJ IRU KXQGUHGV RI
FDVHV DQG UHODWHG FRQWUROV IRU HDFK GLVHDVH RI LQWHUHVWLQFOXGLQJ
YDULRXVW\SHVRIFDQFHUVSURPLVHVWRUHYROXWLRQL]HKXPDQELRORJ\
DQG PHGLFLQH DQG SURYLGH WKH IRXQGDWLRQ IRU URXWLQH SHUVRQDO
JHQRPHVHTXHQFLQJ
'U 5DGRMH 5DGH 'UPDQDF FKLHI VFLHQWLILF RIILFHU DQG
FRIRXQGHURI&RPSOHWH*HQRPLFV16'4*120VLQFH
LVRQHRIWKHOHDGLQJUHVHDUFKVFLHQWLVWVDQGLQYHQWRUV
LQ WKH ILHOG RI '1$ VHTXHQFLQJE\K\EULGL]DWLRQ 6%+
DQG JHQRPLFPLFURDUUD\V ,Q  KH FRIRXQGHG+\VHT
ODWHU1XYHORZKHUHDVFKLHIVFLHQWLILFRIILFHUKHOHGWKH
HIIRUW WR GLVFRYHU DQG SDWHQW WKRXVDQGV RI JHQHV ZKLFK
IRUPHG WKH EDVLV RI1XYHORµV GUXJ GHYHORSPHQW SLSHOLQH
3ULRU WR +\VHT 5DGH ZDV D JURXS OHDGHU DW $UJRQQH
1DWLRQDO/DEVIURPWRDVSDUWRIWKH'HSDUWPHQW
RI (QHUJ\µV +XPDQ *HQRPH 3URMHFW +H FRPSOHWHG KLV
SRVWGRFWRUDO VWXGLHV LQ  LQ +DQV /HKUDFKµV JURXS DW
WKH,PSHULDO&DQFHU5HVHDUFK)XQGLQ/RQGRQ+HHDUQHG
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,RQ 7RUUHQW KDV LQYHQWHG WKH ILUVW GHYLFH²D QHZ VHPLFRQGXFWRU
FKLS²FDSDEOHRIGLUHFWO\ WUDQVODWLQJFKHPLFDO VLJQDOV LQWRGLJLWDO
LQIRUPDWLRQ7KHILUVWDSSOLFDWLRQRIWKLVWHFKQRORJ\LVVHTXHQFLQJ
'1$7KHGHYLFHOHYHUDJHVGHFDGHVRIVHPLFRQGXFWRUWHFKQRORJ\
DGYDQFHV DQG LQ MXVW D IHZ \HDUV KDV EURXJKW WKH HQWLUH GHVLJQ
IDEULFDWLRQ DQG VXSSO\ FKDLQ LQIUDVWUXFWXUH RI WKDW LQGXVWU\²D
WULOOLRQGROODULQYHVWPHQW²WREHDURQWKHFKDOOHQJHRIVHTXHQFLQJ
7KH UHVXOW LV ,RQ VHPLFRQGXFWRU VHTXHQFLQJ WKH ILUVW FRPPHUFLDO
VHTXHQFLQJ WHFKQRORJ\ WKDW GRHV QRW XVH OLJKW DQG DV D UHVXOW
GHOLYHUVXQSUHFHGHQWHGVSHHGVFDODELOLW\DQGORZFRVW$OORIWKHVH
EHQHILWV DUH D UHVXOW RI DSSO\LQJ D WHFKQRORJ\ WKDW LV PDVVLYHO\
VFDODEOHDVSURYHQE\0RRUHµV/DZWRDWDVNWKDWKDVWUDGLWLRQDOO\
XVHG RSWLFVEDVHG VROXWLRQV ZKLFK ZRUN LQ D OLQHDU IDVKLRQ
LQFUHDVLQJFDSDFLW\ UHTXLUHV LQFUHDVLQJ WKHQXPEHURIVLJQDOV WKDW
PXVWEHUHDGUHVXOWLQJLQORQJHUUXQWLPHVKLJKHUFDSLWDOFRVWVDQG
HYHU PRUH VRSKLVWLFDWHG RSWLFV  %\ FRQWUDVW ,RQ 7RUUHQW
VHPLFRQGXFWRU WHFKQRORJ\ FDQ SURYLGH LQFUHDVHV LQ FKLS FDSDFLW\
ZLWKRXWLPSDFWLQJFDSLWDOFRVWVRUUXQWLPH,RQ7RUUHQWVHTXHQFLQJ
XVHV RQO\ QDWXUDO ODEHOIUHH UHDJHQWV DQG WDNHV SODFH LQ ,RQ
VHPLFRQGXFWRU PLFURFKLSV WKDW FRQWDLQ VHQVRUV ZKLFK KDYH EHHQ
IDEULFDWHG DV LQGLYLGXDO HOHFWURQLF GHWHFWRUV DOORZLQJ RQH
VHTXHQFH UHDGSHU VHQVRU:HZLOO VKRZKRZ WKH WHFKQRORJ\KDV
VFDOHG LQ MXVW D IHZPRQWKV IURPaPLOOLRQ VHQVRUV LQ WKH ILUVW
JHQHUDWLRQ ,RQ  FKLSV WR a PLOOLRQ VHQVRUV LQ WKH VHFRQG
JHQHUDWLRQ,RQFKLSV²DOOZKLOHPDLQWDLQLQJWKHVDPHWR
KRXU UXQWLPH :H ZLOO DOVR GHPRQVWUDWH WKDW ,RQ VHPLFRQGXFWRU





&DUROLQD DW &KDSHO +LOO DQG SRVWGRFWRUDO ZRUN LQ \HDVW
JHQRPLFV DW WKH 8QLY RI :LVFRQVLQ ± 0DGLVRQ 'U
/HOLYHOW KDV RYHU  \HDUV H[SHULHQFH LQ JHQRPLFV ZLWK
ZRUNKLVWRU\DW$II\PHWUL[DQG3DUWHN
 
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GULYHQ DQG FRQWUROOHG E\ WHPSRUDO DQG VSDWLDO FKDQJHV LQ JHQH
WUDQVFULSWLRQ IROORZHG E\ WUDQVODWLRQ RI WKH UHVXOWLQJ PHVVHQJHU
51$V LQWR SURWHLQV  5HFHQW DGYDQFHV LQ KLJK WKURXJKSXW
VHTXHQFLQJ WHFKQRORJ\PDNH LW SRVVLEOH WR REWDLQ LQIRUPDWLRQ RQ
VLQJOHFHOOWUDQVFULSWRPHVDWKLJKUHVROXWLRQE\51$6HTDQDO\VLV
ZKLFKFDQEH LQVWUXFWLYHFRQFHUQLQJKRZLQGLYLGXDOFHOOV UHVSRQG
WR VLJQDOV DQG RWKHU HQYLURQPHQWDO FXHV DW FULWLFDO VWDJHV RI FHOO
IDWH GHWHUPLQDWLRQ RU ZKHQ WKH\ DFTXLUH DEHUUDQW SKHQRW\SH
(VVHQWLDOO\DOOFHOOVZLWKLQDQLQGLYLGXDORUJDQLVPVKDUHDYLUWXDOO\
LGHQWLFDO JHQRW\SH EXW WKH LQGLYLGXDO WUDQVFULSWRPHV UHIOHFW
H[SUHVVLRQ RI D VXEVHW RI JHQHV ZKLFK LV GHWHUPLQHG E\ WKHLU
HSLJHQHWLF VWDWH LQFOXGLQJ '1$ PHWK\ODWLRQ DQG KLVWRQH
PRGLILFDWLRQV 'LYHUVHFHOO W\SHVH[KLELWDXQLTXH WUDQVFULSWRPH
ZKLFK FDQ EH XVHG WR DVVHVV JHQH UHJXODWLRQ QHWZRUN XQGHUO\LQJ
WKHLU SK\VLRORJLFDO IXQFWLRQV EHKDYLRU DQG SKHQRW\SH GXULQJ
GHYHORSPHQWLQPXOWLFHOOXODURUJDQLVPV&RPELQHGZLWKOLYHFHOO
LPDJLQJDQGOLQHDJHWUDFLQJLWZLOOEHSRVVLEOHWRGHFLSKHUWKHIXOO
JHQH H[SUHVVLRQ QHWZRUN XQGHUO\LQJ SK\VLRORJLFDO IXQFWLRQV RI
LQGLYLGXDO FHOOV LQ HPEU\RV DQG DGXOWV DQG IRU WKH DQDO\VLV RI
GLVHDVHV
.DL 4 /DR LV FXUUHQWO\ 3ULQFLSDO 6FLHQWLVW LQ *HQHWLF
6\VWHPV$SSOLHG%LRV\VWHPVSDUWRI/LIH7HFKQRORJ\'U
/DRUHFHLYHGKLV3K'IURP7KH8QLYHUVLW\RI&KLFDJRLQ
  )ROORZLQJ KLV JUDGXDWLRQ 'U /DR PRYHG WR
&DOLIRUQLD ZKHUH KH KDG KLV SRVWGRFWRUDO WUDLQLQJ LQ
ELRSK\VLFV DW 6WDQIRUG8QLYHUVLW\  3ULRU MRLQLQJ$SSOLHG
%LRV\WHPV/LIH7HFKQRORJLHV'U/DRZDVHPSOR\HGDVD
YLVLWLQJ VFLHQWLVW DW8&%HUNHOH\ DQG D VHQLRU VFLHQWLVW DW
+RHFKVW6<9$ WR GHYHORS ELRWHFKQRORJ\ LQ '1$
GHWHFWLRQVHTXHQFLQJ 'U /DR KDYH DXWKRUHG DQG FR
DXWKRUHG  SDWHQWVSDWHQW DSSOLFDWLRQV DQG  SHHU
UHYLHZHGVFLHQWLILFSDSHUV
 
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7R FRQQHFW JHQH H[SUHVVLRQ WR WUDQVFULSWLRQDO FRQWURO ZH OLQN
P51$ H[SUHVVLRQ WR WKH SURPRWHU HOHPHQWV ZLWK FDSDQDO\VLV
JHQH H[SUHVVLRQ &$*( WHFKQRORJ\ &$*( SURILOHV P51$
H[SUHVVLRQDVZHOODVRWKHUFDSSHGQRQFRGLQJ51$QF51$VE\
KLJKWKURXJKSXW VHTXHQFLQJ ZLWK VHFRQG DQG WKLUG JHQHUDWLRQ
VHTXHQFHUV RI VKRUW WDJV FRUUHVSRQGLQJ WR µ HQGV RI P51$V
&$*(KDVDOORZHGFRPSUHKHQVLYHPDSSLQJRIKXPDQDQGPRXVH
SURPRWHUV DQG WR UHFRQVWUXFW WUDQVFULSWLRQDO QHWZRUNV DVZHOO DV
LGHQWLI\LQJ QF51$V LQFOXGLQJ DQWLVHQVH $GGLWLRQDOO\ &$*(
DOORZHG PDSSLQJ WKH H[SUHVVLRQ RI UHSHDW HOHPHQWV $QDO\VLV RI
LQGLYLGXDO FHOOV LV RI SDUDPRXQW LPSRUWDQFH WR LGHQWLI\ WKH
PROHFXODU UROH RI51$V LQ WKH FHOO:HKDYH UHFHQWO\ GHYHORSHG
QDQR&$*( ZKLFK LV XVHG WR SURILOH  RU OHVV DQG DUH
FXUUHQWO\ SXVKLQJ WKH PHWKRGV WRZDUGV VLQJOH FHOO :H DUH DOVR
GHYHORSLQJ URERWLFV DQGPLFURIOXLGLFV WR KDQGOH VLQJOH FHOOV:H
KDYH FROOHFWHG FRPSUHKHQVLYH GDWDVHWV IURP KRPRJHQHRXVO\
SXULILHGQHXURQV$QDO\VLVRIPRXVHROIDFWRU\HSLWKHOLDPDSSHGWKH
SURPRWHUVIRU WKHPDMRULW\RIWKHPRXVHROIDFWRU\UHFHSWRUJHQHV
2WKHU SURMHFWV LQYROYH WKH FRPSUHKHQVLYH FKDUDFWHUL]DWLRQ RI WKH
$ GRSDPLQHUJLF QHXURQV RI WKHPLGEUDLQZLWK LGHQWLILFDWLRQ RI
VSHFLILFQHWZRUNV:HDUHIXUWKHUXVLQJQDQR&$*(RQLQGLYLGXDO




GHYHORSHG WHFKQRORJLHV IRU '1$ H[WUDFWLRQ DQG '1$
VHTXHQFLQJ DW 7DOHQW D VSLQRII ELRWHFK +H PRYHG WR
-DSDQLQDW5,.(17VXNXED/LIH6FLHQFHFHQWHUDQG
EHFDPHWHQXUHUHVHDUFKHULQ+HKDVEHHQGHYHORSLQJ
WHFKQRORJLHV WR FDSWXUH IXOOOHQJWK F'1$V ZKLFK ZHUH
XVHG IRU WKH FRQVWUXFWLRQ RI WKH )DQWRP SURMHFWV )URP
KH LVD7HDPDQG8QLW/HDGHUDQGD'HSXW\3URMHFW
'LUHFWRU DW WKH 5,.(1 2PLFV 6FLHQFH &HQWHU LQ
<RNRKDPD+HKDVGHYHORSHG WHFKQRORJLHV WRDQDO\]H WKH
WKHWUDQVFULEHGSDUWRIWKHJHQRPHWUDQVFULSWRPHVXFKDV
WKH FDSWUDSSHU DQG WKH &$*( 7KHVH WHFKQRORJLHV KDYH
EHHQ EURDGO\ XVHG LQ WKH 5,.(1 )DQWRP SURMHFWV DQG
DOORZHG LGHQWLI\LQJ QRQFRGLQJ 51$V DV DUH WKH PDMRU
RXWSXW RI WKH PDPPDOLDQ JHQRPH DQG SURYLGLQJ
FRPSUHKHQVLYH PDSV RI WKH PDPPDOLDQ SURPRWHUV
$GGLWLRQDOO\KHGHYHORSHGDPLQLDWXUL]DWLRQRI&$*( LQ
RUGHUWRDSSURDFKELRORJLFDOSUREOHPVWKDWIRUZKLFKWKHUH
LV OLPLWHG DPRXQW RI VWDUWLQJ PDWHULDO +H KDV SXEOLVKHG
PRUHWKDQSDSHUVDQGERRNFKDSWHUVHGLWHGERRNVDQG
LV D PHPEHU RI HGLWRULDO ERDUGV RI YDULRXV VFLHQWLILF
MRXUQDOV
 
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W\SHV DVWURF\WHV QHXURQV DQG ROLJRGHQGURF\WHV 7KH\ DOO
RULJLQDWH IURP WKH VDPH PXOWLSRWHQW QHXUDO VWHP FHOOV
7UDGLWLRQDOO\ DVWURF\WHVZHUH YLHZHG DV D KRPRJHQHRXV FHOO
SRSXODWLRQ WKDW SUHGRPLQDQWO\ VXSSRUWV QHXURQDO IXQFWLRQV
5HFHQWILQGLQJVSRLQWWRPDQ\IXQFWLRQVRIDVWURF\WHVLQKHDOWK
DQGGLVHDVH LQFOXGLQJFRQWURORI WKHQXPEHUDQGWKHIXQFWLRQ
RIQHXURQDOV\QDSVHV ,QFRQWUDVW WRQHXURQVZHKDYH OLPLWHG
NQRZOHGJH DERXW IXQFWLRQDO GLYHUVLW\ RI DVWURF\WHV DQG LWV
PROHFXODU EDVLV  7R VWXG\ DVWURF\WH KHWHURJHQHLW\ DQG
VWHPSURJHQLWRU FHOO SURSHUWLHV RI DVWURF\WHVZH XVHG VLQJOH
FHOOJHQHH[SUHVVLRQSURILOLQJLQSULPDU\PRXVHDVWURF\WHVDQG
GLVVRFLDWHG PRXVH QHXURVSKHUH FHOOV 7KH WUDQVFULSW QXPEHU
YDULDELOLW\ IRU DVWURF\WHV VKRZHG ORJQRUPDO IHDWXUHV DQG
UHYHDOHG WKDW FHOOV LQ SULPDU\ FXOWXUHV WR D ODUJH H[WHQW FR
H[SUHVVPDUNHUVRIDVWURF\WHVDQGQHXUDOVWHPSURJHQLWRUFHOOV
:H VKRZ KRZ VXESRSXODWLRQV RI FHOOV FDQ EH LGHQWLILHG DW
VLQJOHFHOO OHYHO XVLQJ XQVXSHUYLVHG DOJRULWKPV DQG WKDW JHQH
FRUUHODWLRQV FDQ EH XVHG WR LGHQWLI\ GLIIHUHQFHV LQ DFWLYLW\ RI
LPSRUWDQW WUDQVFULSWLRQDO SDWKZD\V :H LGHQWLILHG WZR






0LORV 3HNQ\ UHFHLYHG KLV 0' FXP HPLQHQWLD DQG PHGLFDO
OLFHQVHIURP&KDUOHV8QLYHUVLW\LQ3UDJXH&]HFK5HSXEOLFLQ
 +H SXUVXHG KLV 3K' VWXGLHV DW8SSVDOD 8QLYHUVLW\
6ZHGHQ DQG UHFHLYHG KLV 3K' LQ 'U 3HNQ\
V3K'
WKHVLVHQWLWOHG6WXGLHV RI WKH IXQFWLRQ RISODWHOHWGHULYHG
JURZWK IDFWRU DQG JOLDO ILEULOODU\ DFLGLF SURWHLQ LQ YLYR
$WUDQVJHQLF DSSURDFK ZDV WKH ILUVW GRFWRUDO WKHVLV LQ
6FDQGLQDYLD LQ ZKLFK JHQHWDUJHWLQJ JHQH NQRFNRXW
WHFKQRORJ\ ZDV DSSOLHG WR DGGUHVV GHYHORSPHQWDO SURFHVVHV
DQG GLVHDVH SDWKRJHQHVLV 'U 3HNQ\ WKHQ PRYHG WR WKH
8QLYHUVLW\RI*RWKHQEXUJ LQ6ZHGHQDVDSRVWGRFWRUDO IHOORZ
DQGEXLOWKLVRZQUHVHDUFKJURXS,QKHEHFDPH$VVRFLDWH
3URIHVVRU LQ 0HGLFDO %LRFKHPLVWU\ DQG 'LUHFWRU RI
WKH/DERUDWRU\RI$VWURF\WH%LRORJ\DQG&16UHJHQHUDWLRQ,Q
'U3HNQ\DQGKLVODERUDWRU\PRYHGWR'HSWRI&OLQLFDO
1HXURVFLHQFH DW 6DKOJUHQVND $FDGHP\ DW WKH 8QLYHUVLW\ RI
*RWKHQEXUJZKHUHKHEHFDPH3URIHVVRURI$VWURF\WH%LRORJ\




UHGHILQHG WKH FRQFHSW RI UHDFWLYH JOLRVLV LQ DQ LQMXUHG EUDLQ
31$63HNQ\µV JURXS ZLWKFROODERUDWRUVVKRZHG WKDW
UHDFWLYH DVWURF\WHV SOD\ D NH\ UROH LQ&16 WUDXPD DQGVWURNH
- &HOO %LRO - 1HXURVFL -&%)0
DQGLGHQWLILHG WKHVH FHOOV DV D SRWHQWLDO WDUJHW
IRUSKDUPDFRORJLFDO LQWHUYHQWLRQ7KH\ LGHQWLILHG SRVW
WUDXPDWLF UHDFWLYH JOLRVLV DV D PDMRU REVWDFOH WR&16
UHJHQHUDWLRQ DQGGHPRQVWUDWHG WKDW WKH LQWHJUDWLRQ RI QHXUDO
WUDQVSODQWVDQG QHXUDO VWHP FHOOV FDQ EH ODUJHO\ LPSURYHG E\
PRGXODWLRQ RI DVWURF\WHDFWLYLW\1DWXUH 1HXURVFL
6WHP&HOOV3URI3HNQ\
VODERUDWRU\KDVUHFHQWO\
XVHGVLQJOH FHOO UW3&5 IRU JHQH H[SUHVVLRQ SURILOLQJRI
DVWURF\WHV DV D VWHS WRZDUGV GHILQLQJ WKHLUPROHFXODU
VLJQDWXUH1XFO$FLGV5HV3URI3HNQ\LV&RRUGLQDWRU
IRU WKHSURJUDPʊ1RYHO VWUDWHJLHV IRUEUDLQ UHJHQHUDWLRQDIWHU
VWURNH±IURPODEWRSDWLHQWWRSRSXODWLRQ” DWWKH8QLYHUVLW\RI
*RWKHQEXUJ+HLVD6WHHULQJ&RPPLWWHHPHPEHUDQGOHDGHURI
WKH8QLYHUVLW\ RI *RWKHQEXUJQRGH LQ 0DULH &XULH 7UDLQLQJ
1HWZRUNʊ1HXURQ*OLDO ,QWHUDFWions” (GX*OLDHX IXQGHGE\
(XURSHDQ &RPPLVVLRQ  DQG
FRQQHFWLQJODERUDWRULHV RIH[FHOOHQFH LQ(XURSH DQG WKH
6ZHGLVKUHSUHVHQWDWLYHDQG:RUN*URXSOHDGHULQD(8IXQGHG
1$121(7 QHWZRUN,Q  3URI 3HNQ\ UHFHLYHG WKH
6ZHGLVK (ULF )HUQVWU|PµV 3UL]H IRU RXWVWDQGLQJ PHGLFDO
UHVHDUFK
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ERG\ FDXVH D QXPEHU RI KXPDQ JHQHWLF GLVRUGHUV FROOHFWLYHO\
WHUPHGFLOLRSDWKLHVVLQFHWKH\DUHFKDUDFWHUL]HGE\DQRYHUODSSLQJ
UDQJHRISKHQRW\SHVWKDWLQFOXGHUHWLQDOGHJHQHUDWLRQSRO\GDFW\O\
UHQDO DQG KHSDWLF ILEURVLV REHVLW\ DQG D FRPSOH[ UDQJH RI








RI FLOLRSDWK\ SKHQRW\SHV DQG XVLQJ D ODUJH DOOHOLF VHULHV KDYH
FRQVWUXFWHGPRGHOVRIHSLVWDVLVLQROLJRJHQLFGLVRUGHUVWKDWVXJJHVW
DQ LQWULFDWH LQWHUDFWLRQ EHWZHHQ UDUH DQG FRPPRQ DOOHOHV WR
PRGXODWHSHQHWUDQFHDQGH[SUHVVLYLW\6XFKVWXGLHVZLOOXOWLPDWHO\
HPSRZHUWKHSUHGLFWLYHQDWXUHRIWKHJHQRW\SHDQGLQIRUPFOLQLFDO




'U .DWVDQLV REWDLQHG KLV ILUVW GHJUHH LQ *HQHWLFV IURP
8&/ LQ/RQGRQ LQ  DQG KLV GRFWRUDWH IURP ,PSHULDO
&ROOHJH8QLYHUVLW\RI/RQGRQ LQZKHUHKHZRUNHG
ZLWK 'U (OL]DEHWK )LVKHU RQ WKH JHQHWLFV RI 'RZQ
V\QGURPH +H WKHQ MRLQHG WKH ODERUDWRU\ RI 'U -DPHV
/XSVNL DW WKH 'HSW RI 0ROHFXODU DQG +XPDQ *HQHWLFV
%D\ORU&ROOHJHRI0HGLFLQHZKHUHKHLQLWLDWHGKLVVWXGLHV
RQ WKH JHQHWLF DQG PROHFXODU EDVLV RI %DUGHW%LHGO
V\QGURPH,QKHUHORFDWHGWRWKH,QVWLWXWHRI*HQHWLF
0HGLFLQH-RKQV+RSNLQV8QLYHUVLW\ZKHUHKHLVFXUUHQWO\
DQ $VVRFLDWH 3URIHVVRU ZLWK DSSRLQWPHQWV DW WKH
'HSDUWPHQWV RI 2SKWKDOPRORJ\ 0ROHFXODU %LORJ\ DQG
*HQHWLFV +LV UHVHDUFK LQWHUHVWV FRQWLQXH WR IRFXV RQ WKH
JHQHWLF EDVLV RI %DUGHW%LHGO V\GQURPH ZKHUH LV
ODERUDWRU\ LV HQJDJHG LQ WKH LGHQWLILFDWLRQ RI FDXVDWLYH
JHQHV ,Q SDUDOOHO WKH .DWVDQLV ODE SXUVXHV TXHVWLRQV
FHQWHUHG RQ WKH VLJQDOLQJ UROHV RI YHUWHEUDWH FLOLD WKH
WUDQVODWLRQRIVLJQDOLQJSDWKZD\GHIHFWVRQWKHFDXVDOLW\RI
FLOLDU\ GLVRUGHUV DQG WKH GLVVHFWLRQ RI VHFRQGVLWH
PRGLILFDWLRQ SKHQRPHQD DV D FRQVHTXHFH RI JHQHWLF ORDG
LQDIXQFWLRQDOV\VWHP
 
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7KH KXPDQ JHQRPH GUDIW FRPSOHWHG LQ  DW IROG
FRYHUDJH ZDV D PLOHVWRQH EXW DW  ELOOLRQ LW ZDV QRW
DSSOLFDEOH WR URXWLQH UHVHDUFK RU GLDJQRVWLFV ([SHQVLYH
FRPPRQYDULDQWDVVRFLDWLRQVWXGLHVDOVRJHQHUDOO\IDLOHGWR
SURGXFH KLJKO\ SUHGLFWLYH DQG DFWLRQDEOH GLDJQRVWLFV 6LQFH
ZHKDYHSXVKHGWKHFRVWRIVHTXHQFLQJGRZQE\RYHUD
PLOOLRQIROG WR . FRVW . SULFH SHU IROG JHQRPH
WRGD\ 7KLV DOVR HQDEOHV WLPHVHULHV VWXGLHV RI HSLJHQRPLF
DQG LPPXQRJHQRPLF UHVSRQVHV WR FDQFHUV PLFUREHV
DOOHUJHQVYDFFLQHVHWF6KDULQJVDOLYDVNLQEORRGDQGVWHP
FHOOV DQG DVVRFLDWHG JHQRPH HQYLURQPHQW DQG WUDLW *(7
GDWD JUHDWO\ HQDEOHV FRPPHUFLDO DQG DFDGHPLF UHVHDUFK
RSHQVRXUFH VRIWZDUH DQG GDWD IRU LQWHUSUHWLQJ ZKROH DQG
SDUWLDO JHQRPH VHTXHQFHV DV ZHOO DV FRPPXQLW\ WRROV IRU
GLYHUVH SKHQRPLFV $V WKH XWLOLW\ RI FHOOV JHQHV DQG WUDLWV
LQFUHDVHVLQVLJKWVFRPHIURPKLJKO\LQWHJUDWLYHDSSURDFKHV
HYDOXDWLQJ LQGLYLGXDOV LQ FRKRUWV KROLVWLFDOO\ DQG
FRPSXWDWLRQDOO\ RIWHQ IURPRXWVLGH WKH FOLQLFDO VSHFLDOW\ RI
WKH VWXG\ HJ FRPSXWHU VFLHQWLVWV V\VWHPV ELRORJLVWV RU
HGXFDWLRQDO FRPPXQLWLHV 3URJUHVV KDV EHHQ PDGH E\
FRQVHQWLQJYROXQWHHUVZLWK WKHXQGHUVWDQGLQJRIRSHQDFFHVV
LQFOXGLQJ WHVWV RI FRPSUHKHQVLRQ RI WKH FRQVHQWLQJ
PDWHULDOV 7HFKQRORJLHV IRU DQDO\VLV RI VLQJOHFKURPRVRPH





'U *HRUJH &KXUFK LV 3URIHVVRU RI *HQHWLFV DW +DUYDUG
0HGLFDO 6FKRRO DQG'LUHFWRU RI1,+&(*6 DQG'2(*7/
*HQRPLFV&HQWHUV+HKDVSLRQHHUHGWHFKQRORJ\LQQRYDWLRQV
HDUO\ LQ WKH GHYHORSPHQW RI NH\ ILHOGV LQ FKHPLVWU\ DQG
ELRPHGLFLQHZLWK863DWHQWVJUDQWHGDQGVHYHUDOSHQGLQJ
$VSDUWRIWHFKQRORJ\WUDQVIHUWRWKHFRPPHUFLDOVHFWRUKHKDV
VHUYHG RQ  VFLHQWLILF DGYLVRU\ ERDUGV ,Q  KLV
FU\VWDOORJUDSKLF VRIWZDUH OHDG WR WKH ILUVW KLJKUHVROXWLRQ
IROGHG51$ VWUXFWXUH D GHFDGH EHIRUH VLPLODU VWUXFWXUHV
LPSRUWDQWIRUULER]\PHVDSWDPHUVDQG51$L7KDWVRIWZDUH
LV VWLOO LQ XVH  \HDUV ODWHU +H ZURWH WKH ILUVW DXWRPDWHG
'1$ VHTXHQFLQJ VRIWZDUH  \HDUV DKHDG RI RWKHU HIIRUWV
YDULDWLRQVRQWKDWVRIWZDUHILJXUHGLQWRFRPPHUFLDOHIIRUWVLQ
 %HWZHHQ  DQG  ZRUNLQJ ZLWK :DOWHU
*LOEHUW  1REHO 3UL]H LQ &KHPLVWU\ KH GHYHORSHG WKH
ILUVW GLUHFW JHQRPLF VHTXHQFLQJ PHWKRG 7KDW WHFKQRORJ\




JUDQWDQG\HDUV ODWHUKHOSHG IRXQG WKH6WDQIRUG0,7DQG





,Q  'U &KXUFK LQYHQWHG WKH EURDGO\ DSSOLHG
FRQFHSWV RI PROHFXODU PXOWLSOH[LQJ DQG WDJV YDULDWLRQV RI




V\QWKHVL]HUV LQ  DQG KDV FRGHYHORSHG WHFKQRORJLHV IRU
LQQRYDWLYH DUUD\ DVVD\V ZLWK PRVW RI WKH PDMRU FRPSDQLHV
$II\PHWUL[1LPEOHJHQ DQG;HRWURQ5HFHQWO\ WKHVH KDYH




 DV D QHZ HQJLQHHULQJ
GLVFLSOLQH+LVJURXS LV V\QWKHVL]LQJEDFWHULDO JHQRPHVZLWK
QHZJHQHWLFFRGHVQHZSURWHLQW\SHVDQGWKHUHE\LPPXQHWR
DOO H[LVWLQJ YLUXVHV 'U &KXUFK KHOSHG GHYHORS DQG
FRPPHUFLDOL]H VRPH RI WKH ILUVW VLQJOHPROHFXOH DQG
PLFURIOXLGLFV WHFKQRORJLHV PRVW UHFHQWO\ 3RORQ\ '1$
VHTXHQFLQJ DQG KDV EHHQ FKDPSLRQLQJ LWV GHYHORSPHQW IRU
 KXPDQ JHQRPH VHTXHQFHV 7KLV WRJHWKHU ZLWK WKH
DGYDQFHVDERYHIRUXQSUHFHGHQWHGPDQLSXODWLRQVRI'1$LQ
FHOOV EULQJV SUDFWLFDO SHUVRQDOL]HG PHGLFLQH FRQVLGHUDEO\
FORVHU DORQJ ZLWK DSSOLFDWLRQV WR HQHUJ\ WKH HQYLURQPHQW
DQGVPDUWPDWHULDOV
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*HQHWLFV 6FLHQFH $ZDUG  WKH WK ,QWHUQDWLRQDO &RQJUHVV RI ,QERUQ (UURUV RI 0HWDEROLVP 2XWVWDQGLQJ 3K\VLFLDQ
$ZDUG -DSDQ  ,ZDV KRQRUHG DW WKH+RXVH RI &RPPRQV 8QLWHG.LQJGRP DV RQH RI WKH GLVWLQFWLYH LQWHUQDWLRQDO
VSHDNHUV1RPLQDWHGIRU.LQJ)DLVDO,QWHUQDWLRQDO3UL]HLQ0HGLFLQH:DVJLYHQWKH'LVWLQFWLRQ0HGDOE\WKH




UHVHDUFKDQG UHVHDUFKJUDQWV LQ WUDQVODWLRQDOJHQRPLFV IRU LPSOHPHQWLQJ LPSURYHGKHDOWK VHUYLFHV  LQFOXGLQJ 3UH LPSODQWDWLRQ
*HQHWLF GLDJQRVLV IRU WKH SUHYHQWLRQ RI JHQHWLFV GLVRUGHUV &R3ULQFLSDO ,QYHVWLJDWRU ± LQYROYHG LQ  RI WKH UHVHDUFK DFWLYLWLHV 
(PEU\RQLF6WHP&HOOGHYHORSPHQWIRUWKHUDS\RIJHQHWLFPHWDEROLFGLVRUGHUV3ULQFLSDO,QYHVWLJDWRUDZDUGHGPLOOLRQV6DXGL5L\DOVE\




1RUZD\ 1DWLRQDO ,QVWLWXWH RI +HDOWK 86$ :HOOFRPH 7UXVW )RXQGDWLRQ &DPEULGJH 8. %LRYLVLRQ ,QWHUQDWLRQDO FRQJUHVV
%LEOLRWKHFD$OH[DQGULD+XPDQ9DULRPH3URMHFWPHHWLQJ6SDLQWLVVXHHQJLQHHULQJ,QWHUQDWLRQDO&RQJUHVV%LEOLRWKHFD$OH[DQGULD












U $O*D]DOL LV SURIHVVRU RI &OLQLFDO *HQHWLFV DQG 3HGLDWULFV DW WKH 8$( 8QLYHUVLW\ )DFXOW\ RI 0HGLFLQH DQG +HDOWK
6FLHQFHV 6KH REWDLQHG KHU 0%&+% IURP %DJKGDG 8QLYHUVLW\ DQG ZDV WUDLQHG LQ 3HGLDWULFV DQG WKHQ *HQHWLFV LQ 8.
(GLQEXUJKDQG/HHGV3URI$O*D]DOLLVD)HOORZRIWKH5R\DO&ROOHJHRI3K\VLFLDQDQGWKH5R\DO&ROOHJHRI3DHGLDWULFV
DQG &KLOG +HDOWK 8. 6KH LV PHPEHU RI VHYHUDO LQWHUQDWLRQDO RUJDQL]DWLRQV 3URI $O*D]DOL DOVR PDGH DQ LPSRUWDQW
FRQWULEXWLRQLQWKHDUHDRI&OLQLFDO*HQHWLFVSURYLGLQJDVLJQLILFDQWDPRXQWRILQIRUPDWLRQUHJDUGLQJJHQHWLFGLVRUGHUVVSHFLILFWRWKH
8$(DQGWKH$UDEZRUOGLQJHQHUDO6KHKDVSURYLGHGLPSRUWDQWGDWDRQWKHFOLQLFDOSKHQRW\SHVDQGQDWXUDOKLVWRU\RIPDQ\JHQHWLF
V\QGURPHV+HU H[SHUWLVH LQ&OLQLFDO'\VPRUSKRORJ\ KDV EHHQZLGHO\ UHFRJQL]HG E\ WKH LQWHUQDWLRQDO FRPPXQLW\$O*D]DOLZDV
SURILOHGLQWKH/DQFHWLQ0DUFKIRUKHUFRQWULEXWLRQWR&OLQLFDO*HQHWLFVDQGUHVHDUFKLQWKH0LGGOH(DVW6KHLVWKHZLQQHURI















DKG $O0XOOD UHFHLYHG KLV 0HGLFDO 'RFWRUDWH DQG 3K' IURP *ODVJRZ 8QLYHUVLW\ LQ WKH ILHOG RI FDQFHU JHQHWLFV DQG
PHWDVWDVLV'U$O0XOODLVWKH'LUHFWRURIWKH5HVHDUFK&RUH)DFLOLW\LQ.XZDLW8QLYHUVLW\+HDOWK6FLHQFHV&HQWHU+HKHDGV
D0ROHFXODU3DWKRORJ\8QLWZKLFKDLPVDWGHOLYHULQJVWDWHRIWKHDUWWKHUDQRVWLFV$V$VVLVWDQW9LFH3UHVLGHQWIRU5HVHDUFK
KH KHDGHG WKH RIILFH RI ([WHUQDO 5HVHDUFK &ROODERUDWLRQ LQ .XZDLW 8QLYHUVLW\ ZLWK D PDQGDWH WR EXLOG FROODERUDWLYH
SDUWQHUVKLSVLQYHVWLQVWLWXWLRQDORXWSXWVJHQHUDWHFDSLWDODQGUHVRXUFHVDQGSURPRWHSXEOLFDZDUHQHVVDVUHJDUGVWRWKHLPSRUWDQFHRI
VFLHQWLILFUHVHDUFKRXWSXWVLQUHVROYLQJVRFLHW\µVSUREOHPVDQGLQH[SHGLWLQJWKHGHYHORSPHQWSURFHVV'U$O0XOODLVDSLRQHHULQWKH












URIHVVRU 6W\OLDQRV $QWRQDUDNLV LV WKH 'LUHFWRU RI WKH 'HSDUWPHQW RI *HQHWLF 0HGLFLQH DW WKH 8QLYHUVLW\ RI *HQHYD LQ




















KH MRLQHG05&'811DVDJURXS OHDGHU WR UHVHDUFKJHURQWRJHQRPLFVDQGPLWRFKRQGULDO IXQFWLRQV,QKHEHFDPHDQ
DVVRFLDWHSURIHVVRUDW.$,67.RUHD+HLVDSURSRQHQWRIDQRSHQIUHHLQIRUPDWLRQVKDULQJLQVFLHQFH+HDGYRFDWHVIUHHJHQRPLFV
SURMHFWV+LVJURXS DQDO\]HG WKH ILUVW.RUHDQKXPDQJHQRPH ZRUNLQJZLWK'U6HRQJ-LQ.LP DQG WKH ILUVW SXEOLFDOO\ DYDLODEOH
IHPDOH JHQRPH ZRUNLQJZLWK3HUVRQDO*HQRPH3URMHFW+H HVWDEOLVKHG*HQRPH5HVHDUFK)RXQGDWLRQMRLQWO\ZLWK'U 6HRQJ-LQ
.LP'U %\XQJFKXO .LPDQG0U -LQXS*RK WR SURPRWH WKH DSSOLFDWLRQ RI JHQRPLFV WR VRFLHW\ *5)ZRUNLQJZLWK 3*3 KDV
ODXQFKHG.3*3.RUHDQ3*3LQ.RUHDWRVHTXHQFHDQDO\]H.RUHDQSHRSOHWRFRQVWUXFWUHIHUHQFHVWDQGDUG.RUHDQJHQRPHV



















GLVHDVH LQIRUPDWLRQ +LV SXEOLFDWLRQV LQFOXGH RYHU  SHHUUHYLHZHG DUWLFOHV DQG UHYLHZV DQG KH KDV ILOHG  SDWHQW
DSSOLFDWLRQVRQFORQLQJJHQRW\SLQJDQG'1$DQDO\VLV3URIHVVRU%URRNHVEHJDQKLVUHVHDUFKFDUHHULQWKH8.E\DFKLHYLQJD
ILUVWFODVVGHJUHHLQ0HGLFLQHDQG0HGLFDO%LRFKHPLVWU\DWWKH8QLYHUVLW\RI0DQFKHVWHUIROORZHGE\DPROHFXODUJHQHWLFV3K'DWWKH




DQG *HQRPLFV DW WKH 8QLYHUVLW\ RI /HLFHVWHU LQ WKH 8. 7KHUH KH UXQV DFWLYHPHWKRG GHYHORSPHQW DQG ELRLQIRUPDWLFV UHVHDUFK






















OVSHWK $ %UXIRUG UHFHLYHG KHU 3K'PDSSLQJ UHWLQDO GLVHDVHV DW WKH05&+XPDQ*HQHWLFV 8QLW (GLQEXUJK $IWHU
ZRUNLQJ LQ SXEOLVKLQJ VKH PRYHG WR 8QLYHUVLW\ &ROOHJH /RQGRQ LQ  WR MRLQ WKH +8*2 *HQH 1RPHQFODWXUH















&RQJHQLWDO DQG +HUHGLWDU\ 'LVHDVHV &KDUOHV 1LFROOH +RVSLWDO 7XQLV 7XQLVLD 6KH LV GLUHFWRU RI WKH +XPDQ *HQHWLFV









6KH DXWKRUHG DQG FRDXWKRUHG PRUH WKDQ  SXEOLFDWLRQV LQ SHHUUHYLHZHG SXEOLFDWLRQV ,Q  3URI &KDDERXQL UHFHLYHG WKH
SUHVWLJLRXV DZDUG RI /
2UpDO81(6&2 IRU :RPHQ LQ 6FLHQFH EDVHG RQ KHU JURXQGEUHDNLQJ DFKLHYHPHQWV DQG FRQWULEXWLRQV WR
VFLHQWLILF SURJUHVV ,Q  VKH UHFHLYHG LQ ,WDO\ WKH ,QWHUQDWLRQDO 3ULFH ʊ/$7,80 WUD (XURSD H 0HGLWHUUDQeo” IRU 6FLHQWLILF














6FKRRO RI (QJOLVK &RPPXQLFDWLRQ DQG 3KLORVRSK\ (1&$3 6KH KDV FRRUGLQDWHG D QXPEHU RI SURMHFWV IXQGHG E\ WKH
(XURSHDQ&RPPLVVLRQ LQFOXGLQJWKH(8526&5((1SURMHFWVDQGFRHGLWV WKH MRXUQDO%LRHWKLFVDQGWKH
RQOLQHMRXUQDO*HQRPLFV6RFLHW\DQG3ROLF\6KHLV&KDLURIWKH+XPDQ*HQRPH2UJDQLVDWLRQ(WKLFV&RPPLWWHHDQGKDVVHUYHGDVD
PHPEHURIVHYHUDOSROLF\PDNLQJDQGDGYLVRU\ERGLHVLQFOXGLQJWKH3DQHORI(PLQHQW(WKLFDO([SHUWVRIWKH)RRGDQG$JULFXOWXUH














LFKDUG&RWWRQ LQLWLDWHG WKH0XWDWLRQ5HVHDUFK&HQWUH QRZ UHQDPHG WKH*HQRPLF'LVRUGHUV5HVHDUFK&HQWUH LQ -DQXDU\
ZZZJHQRPLFXQLPHOEHGXDX+HKDVDOZD\VEHHQLQWHUHVWHGLQWKHELRFKHPLFDOJHQHWLFVRIKXPDQGLVHDVHDQGKDV
UHFHQWO\IRFXVHGRQPXWDWLRQ$PRQJVWKLVPRUHQRWDEOHVFLHQWLILFDFKLHYHPHQWVDUHWKHFRQFHSWLRQSODQQLQJDQGH[HFXWLRQ
RI WKH IXQGDPHQWDO H[SHULPHQW ZKLFK SURYHG WKDW ZKHQ WZR LPPXQRJOREXOLQ SURGXFLQJ FHOOV ZHUH IXVHG WKH
LPPXQRJOREXOLQ RI ERWK SDUHQWDO FHOOVZHUH SURGXFHG LQ WKH K\EULG7KLV ODLG WKH H[SHULPHQWDO DQG WKHRUHWLFDO IRXQGDWLRQ IRU WKH
ZLGHO\XVHGPRQRFORQDODQWLERG\WHFKQLTXH+HDOVRFRQFHLYHGWKHZLGHO\XVHGWHWURK\GURELRSWHULQ%+ORDGWHVW WR LGHQWLI\ WKH
VHULRXV YDULDQWV RI 3.8 EXW%+ LV FXUUHQWO\ EHLQJ WULDOOHG LQ KHDUW GLVHDVH+H LV SDUWLFXODUO\ LQWHUHVWHG LQ LPSURYLQJPXWDWLRQ
GHWHFWLRQWHFKQRORJLHVWRPDNHWKHPFKHDSHUDQGVLPSOHUVRWKDWWKH\FDQEHPRUHZLGHO\DSSOLHGDQGKROGVVHYHUDOSDWHQWVLQWKH
DUHD$ UHFHQW GHYHORSPHQW KDV EHHQ DPHWKRG WR GHWHFW'1$ GDPDJLQJ FRPSRXQGV3URI&RWWRQKDVZULWWHQ WZR ERRNV HQWLWOHG
0XWDWLRQ'HWHFWLRQ LQLWLDWHG WKH MRXUQDO HQWLWOHG +XPDQ0XWDWLRQ DQG LQ  LQLWLDWHG EL\HDUO\ LQWHUQDWLRQDOZRUNVKRSV RQ
0XWDWLRQ'HWHFWLRQDQG LQEL\HDUO\+8*20XWDWLRQ'HWHFWLRQ&RXUVHV ,QKHKDVDOVR VWDUWHGDZRUOGZLGH LQLWLDWLYH
7KH +8*2 0XWDWLRQ 'HWHFWLRQ 'DWDEDVH ,QLWLDWLYH UHFHQWO\ IRUPHG LQWR WKH +XPDQ *HQRPH 9DULDWLRQ 6RFLHW\ +*96
ZZZKJYVRUJWRFDSWXUHDQGGLVWULEXWHOLVWVRIPXWDWLRQV,Q-XQHKHZDVDGPLWWHGDVD0HPEHURIWKH2UGHURI$XVWUDOLDIRU
VHUYLFH WR VFLHQFH WKURXJK JHQHWLF UHVHDUFK SDUWLFXODUO\ WKURXJK WKH GHYHORSPHQW RI WHFKQRORJLHV WR GHWHFW JHQH PXWDWLRQV WKDW
XQGHUOLHELUWKGHIHFWVRUFDXVHGLVHDVHDQGWKURXJKHIIRUWVWRGRFXPHQWILQGLQJV,Q-XQHKHFRQYHQHGD0HHWLQJFRVSRQVRUHG

















IRU *HQRPH 6FLHQFHV DQG 3ROLF\ LQ  DQG ZDV DOVR DSSRLQWHG DV D FRGLUHFWRU RI WKH 'XNH 7UDQVODWLRQDO0HGLFLQH
,QVWLWXWH LQ+HLVDOVR WKHIRXQGLQJH[HFXWLYHGLUHFWRURI WKH&HQWHU IRU3HUVRQDOL]HG0HGLFLQHHVWDEOLVKHG LQ
:KLOHDW'XNH'U*LQVEXUJKDVSLRQHHUHGWUDQVODWLRQDOJHQRPLFVLQLWLDWLQJWKHILUVWJHQRPLFJXLGHGFOLQLFDOWULDOVDVZHOO
DV GHYHORSLQJQRYHO SUDFWLFHPRGHOV DQG LPSOHPHQWDWLRQ UHVHDUFK IRU WKH LQWHJUDWLRQRI JHQRPLF WRROV LQKHDWK FDUH V\VWHPV7KH
FHQWHU IRFXVHV RQ RQFRORJ\ LQIHFWLRXV GLVHDVHV FDUGLRYDVFXODU GLVHDVH DQGPHWDEROLF GLVRUGHUV ,Q  KH MRLQHG WKH IDFXOW\ RI
+DUYDUG0HGLFDO6FKRROZKHUHKHZDVGLUHFWRURISUHYHQWLYHFDUGLRORJ\DQGOHGDODERUDWRU\LQDSSOLHGJHQHWLFVRIFDUGLRYDVFXODU
GLVHDVH,QKHMRLQHG0LOOHQQLXP3KDUPDFHXWLFDOV,QFDVVHQLRUSURJUDPGLUHFWRUIRUFDUGLRYDVFXODUGLVHDVHVDQGZDVHYHQWXDOO\
DSSRLQWHG YLFH SUHVLGHQW RI 0ROHFXODU DQG 3HUVRQDOL]HG 0HGLFLQH DW 0LOOHQQLXP ZKHUH KH ZDV UHVSRQVLEOH IRU GHYHORSLQJ
SKDUPDFRJHQRPLF VWUDWHJLHV IRU WKHUDSHXWLFV DVZHOO DV ELRPDUNHUV IRU GLVHDVH DQG WKHLU LPSOHPHQWDWLRQ LQ WKHGUXJGHYHORSPHQW
SURFHVV 'U *LQVEXUJ UHVHDUFK LQWHUHVWV DUH LQ WKH GHYHORSPHQW RI QRYHO SDUDGLJPV IRU GHYHORSLQJ DQG WUDQVODWLQJ JHQRPLF
LQIRUPDWLRQLQWRPHGLFDOSUDFWLFHDQGWKHLQWHJUDWLRQRISHUVRQDOL]HGPHGLFLQHLQWRKHDOWKFDUH+HKDVUHFHLYHGDQXPEHURIDZDUGV
IRU KLV UHVHDUFK DFFRPSOLVKPHQWV LQFOXGLQJ WKH ,QQRYDWRU LQ0HGLFLQH$ZDUG IURP0LOOHQQLXP LQ  DQG WKH %DVLF 5HVHDUFK
$FKLHYHPHQW$ZDUGLQ&DUGLRYDVFXODU0HGLFLQHIURP'XNHLQ+HLVDIRXQGLQJPHPEHUDQGRQWKH%RDUGRI'LUHFWRUVRIWKH
3HUVRQDOL]HG0HGLFLQH&RDOLWLRQDVHQLRUFRQVXOWLQJHGLWRUIRU7KH-RXUQDORIWKH$PHULFDQ&ROOHJHRI&DUGLRORJ\HGLWRULQFKLHIIRU
7KH +8*2 -RXUQDO DQG DQ HGLWRULDO DGYLVRU IRU 6FLHQFH 7UDQVODWLRQDO 0HGLFLQH  ,Q DGGLWLRQ KH LV WKH HGLWRU RI*HQRPLF DQG
3HUVRQDOL]HG0HGLFLQH(OVHYLHUZKRVHILUVWHGLWLRQZDVSXEOLVKHGLQ+HKDVEHHQDQLQWHUQDWLRQDOH[SHUWSDQHOPHPEHUIRU
*HQRPH&DQDGDDQGLVFXUUHQWO\DPHPEHURI WKH%RDUGRI([WHUQDO([SHUWVIRU WKH1DWLRQDO+HDUW/XQJDQG%ORRG,QVWLWXWH WKH
6HFUHWDU\RI9HWHUDQV$IIDLUV$GYLVRU\&RXQFLO RQ*HQRPLF0HGLFLQH WKH ,QVWLWXWHRI0HGLFLQHµV5RXQGWDEOHRQ*HQRPH%DVHG
5HVHDUFK WR +XPDQ +HDOWK DQG WKH 1DWLRQDO $GYLVRU\ &RXQFLO IRU +XPDQ *HQRPH 5HVHDUFK +H UHFHLYHG KLV0' DQG 3K' LQ















URIHVVRU +DQDQ +DPDP\ LV FXUUHQWO\ DIILOLDWHG ZLWK WKH 'HSDUWPHQW RI *HQHWLF 0HGLFLQH DQG 'HYHORSPHQW DW *HQHYD
8QLYHUVLW\+RVSLWDO +HU UHVHDUFK LQWHUHVWV IRFXV RQ FRPPXQLW\ JHQHWLFV DQG FRQVDQJXLQLW\ KHDOWK LPSDFW 6KH KDV D ORQJ
H[SHULHQFH LQ JHQHWLF FRXQVHOLQJ LQ $UDE FRXQWULHVPDLQO\ -RUGDQ DQG ,UDTZKHUH FRQVDQJXLQLW\ UDWHV UHDFK  DQG KDV























*HQHWLFV WKH$PHULFDQ 6RFLHW\ RI*HQH 7KHUDS\ WKH 6RFLHW\ IRU ,QKHULWHG0HWDEROLF'LVHDVH WKH (XURSHDQ 6RFLHW\ RI
,QERUQ (UURUV RI 0HWDEROLVP +H ZDV IRXQGHU 'LUHFWRU *HQHUDO RI WKH 1DWLRQDO ,QVWLWXWH RI *HQRPLF 0HGLFLQH LQ 0H[LFR DQG
&KDLUPDQRIWKH:RUNLQJ3DUW\RQ%LRWHFKQRORJ\DWWKH2UJDQL]DWLRQIRU(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW2(&'LQ3DULV
+H LV WKH OHDGLQJ LQYHVWLJDWRU LQ WKH0H[LFDQ*HQRPLF'LYHUVLW\ 3URMHFW DQG WKH0H[LFDQ0HGLFDO 5HVHTXHQFLQJ ,QLWLDWLYH'U
-LPHQH]6DQFKH]LV&KLHI6FLHQWLILF2IILFHURI%LR)LHOGV3URIHVVRURI*HQRPLF0HGLFLQHDWWKH1DWLRQDO$XWRQRPRXV8QLYHUVLW\RI































U0RHLQ .DQDDQ LV D SURIHVVRU RI0ROHFXODU *HQHWLFV DQG D OHDGLQJ 3DOHVWLQLDQ JHQHWLFLVW 2YHU WKH ODVW  \HDUV 'U
.DQDDQKDVEHHQLQYHVWLJDWLQJWKHJHQHWLFDOO\LVRODWHG3DOHVWLQLDQSRSXODWLRQDQGLWVKLJKFRQVDQJXLQLW\UDWHDQGLGHQWLI\LQJ






















VWXGLHV DV D 9LVLWLQJ )HOORZ DW 1DWLRQDO ,QVWLWXWHV RI +HDOWK 1,+ 1DWLRQDO ,QVWLWXWH RI &KLOG +HDOWK DQG +XPDQ
'HYHORSPHQWDQG-6365HVHDUFK)HOORZLQ%LRPHGLFDODQG%HKDYLRUDO5HVHDUFKHUVDW1,+LQWKHODERUDWRU\RI'U*LVHOD
6WRU]  ZKHUH KH VWXGLHG VPDOO QRQFRGLQJ 51$V LQ ( FROL ,Q  KH MRLQHG )XQFWLRQDO 51$ 5HVHDUFK
3URJUDP)URQWLHU5HVHDUFK6\VWHPDW5,.(1<RNRKDPD ,QVWLWXWHDVD UHVHDUFKVFLHQWLVW +H LVFXUUHQWO\D5HVHDUFK
6FLHQWLVWDW5,.(12PLFV6FLHQFH&HQWHUDQGGHYHORSLQJWHFKQRORJLHVWRLQYHVWLJDWHJHQHH[SUHVVLRQQHWZRUNDWVLQJOHFHOO OHYHO
DQGPL51$DQGSUHPL51$E\GHHS VHTXHQFLQJ+H LVDOVR LQWHUHVWHG LQ IXQFWLRQDO VPDOO51$V LQ VSHUP WKDWDUH WUDQVPLWWHG WR
RRF\WHDWIHUWLOL]DWLRQ+HLVDPHPEHURIWKH5HVHDUFK(WKLFV&RPPLWWHHLQ5,.(1<RNRKDPD,QVWLWXWHIURP'U.DZDQRKDV




















WKH ,QGLDQ6XEFRQWLQHQW6SULQJHU.OXZHU*HQRPLFVDQG&OLQLFDO0HGLFLQH 2[IRUG8QLYHUVLW\3UHVV 3ULQFLSOHVDQG3UDFWLFHRI
&OLQLFDO &DUGLRYDVFXODU *HQHWLFV 2[IRUG 8QLYHUVLW\ 3UHVV 2[IRUG 6SHFLDOLVW +DQGERRN RQ ,QKHULWHG &DUGLDF 'LVHDVH DQG
*HQRPLFV DQG +HDOWK LQ 'HYHORSLQJ:RUOG 2[IRUG 8QLYHUVLW\ 3UHVV +H KDV VHYHUDO SXEOLFDWLRQV LQ SHHUUHYLHZHG MRXUQDOV RI
SHGLDWULFVDQGFOLQLFDOJHQHWLFV,QKHHVWDEOLVKHGDQGGHYHORSHGDQHZELRPHGLFDOMRXUQDO*HQRPLF0HGLFLQH6SULQJHUWKDW




























IRU&DQFHU5HVHDUFK WKH3UHVLGHQWµV3XEOLF6HUYLFH0HGDO IRUKHOSLQJ6LQJDSRUH UHVROYH WKH6$56FULVLV DQGD'RFWRURI
0HGLFLQH6FLHQFHVKRQRULVFDXVD4XHHQµV8QLYHUVLW\%HOIDVW+HZDVHOHFWHGDVD)RUHLJQ$VVRFLDWH0HPEHURIWKH(XURSHDQ
0ROHFXODU %LRORJ\ 2UJDQL]DWLRQ (0%2  DQG VHUYLQJ KLV VHFRQG WHUP DV WKH HOHFWHG 3UHVLGHQW RI WKH +XPDQ *HQRPH





























,QGLYLGXDOL]HG 7KHUDS\ 8QLYHUVLW\ RI 1RUWK &DUROLQD &KDSHO +LOO  'U0F/HRG KROGV DSSRLQWPHQWV LQ WKH 6FKRROV RI
3KDUPDF\DQG0HGLFLQHDQGWKH/LQHEHUJHU&DQFHU&HQWHU'U0F/HRGLVDOVRWKH3ULQFLSDO,QYHVWLJDWRUIRU&5($7(D
PHPEHU RI WKH 1,+ IXQGHG 3KDUPDFRJHQHWLFV 5HVHDUFK 1HWZRUN DQG LV D PHPEHU RI WKH )'$ FRPPLWWHH RQ &OLQLFDO
3KDUPDFRORJ\+HDOVRGLUHFWVWKH3KDUPDFRJHQHWLFVIRU(YHU\1DWLRQ,QLWLDWLYHZKLFKDLPVWRKHOSGHYHORSLQJFRXQWULHVXVHJHQHWLF



























RXU HYROXWLRQ PLJUDWLRQ PRUSKRORJLFDO GHYHORSPHQW DQG KHDOWK $SDUW IURP WUDQVODWLRQDO PHGLFLQH VKH LV D NHHQ DGYRFDWH RI





















DLGHG PRGHOV RI ELRORJLFDO VLJQDOLQJ WUDQVFULSWLRQ UHJXODWRU\ QHWZRUNV DQG UHJXODWRU\ SDWKZD\V +H DSSOLHV QHZ
H[SHULPHQWDO VWUDWHJLHV DQG VWDWLVWLFDO IUDPHZRUNV ZLWK WKH DLP WR LQWHJUDWH PRGHO DQG YLVXDOL]H WKH HQRUPRXV DPRXQW RI
PHDVXUHPHQWV GHULYHG IURP JHQRPHZLGH H[SHULPHQWV VXFK DV XOWUDKLJKWKURXJKSXW '1$ DQG 51$ VHTXHQFLQJ SURWHLQV DQG
P51$VH[SUHVVLRQDULVLQJLQWKHZDNHRI*HQRPH3URMHFWV$W.$867'U5DYDVLLVGLUHFWLQJWKH6DXGL$UDELDQ613VJHQRW\SLQJ
SURMHFW'U5DYDVL LV DQ DFWLYHPHPEHU RI WKH ,QWHUQDWLRQDO ,PPXQRPLFV6RFLHW\ DPHPEHU RI WKH)XQFWLRQDO$QQRWDWLRQ RI WKH
0DPPDOLDQ*HQRPHVFRQVRUWLXP)$1720WKH+XPDQ*HQRPH1HWZRUN3URMHFWDQGDPHPEHURIWKH3URJUDP&RPPLWWHHIRU
WKH'LDORJXHIRU5HYHUVH(QJLQHHULQJ$VVHVVPHQWVDQG0HWKRGV'5($0,QKHZDVKRQRUHGZLWKWKHSUHVWLJLRXVSRVLWLRQRI

















DSLG DGYDQFH LQ'1$ VHTXHQFLQJ WHFKQRORJLHV KDV RSHQHG EUDQG QHZ RSSRUWXQLWLHV IRU ELRPHGLFDO UHVHDUFKHV DQG FOLQLF
DSSOLFDWLRQV7KHSDLUHGHQGGL7DJ3(7VHTXHQFLQJPHWKRGVLQYHQWHGE\*,6VFLHQWLVWVKDYHEHHQLQWHJUDWHGZLWKQH[W
JHQHUDWLRQVHTXHQFHUSODWIRUPVVXFKDV*6)/;6ROH[D*$,,DQG$%,62/L'0\FXUUHQW IRFXV LV WRVWUHDPOLQH WKH
H[LVWLQJ3(7PHWKRGRORJLHVDQGGHYHORSQHZVHTXHQFLQJDSSURDFKHVLQFOXGLQJDXWRPDWHG3(7SLSHOLQHVIRUZKROHJHQRPH
WUDQVFULSWRPH DQG FKURPDWLQ LQWHUDFWRPH DQDO\VHV:HDUH DFWLYHO\ DSSO\LQJ WKH3(7 WHFKQRORJLHV WR DGGUHVVEURDGHU LQWHUHVWV LQ
JHQRPLF UHVHDUFKHV DQG ELRPHGLFDO LPSOHPHQWDWLRQV WKURXJK LQWHUQDO DQG H[WHUQDO FROODERUDWLRQ SURMHFWV2XU XOWLPDWH JRDO LV WR












RI6LQJDSRUH+LVSULPDU\ LQWHUHVW LV WRHOXFLGDWH WKHVWUXFWXUHVDQGG\QDPLFVRIDOO IXQFWLRQDO'1$HOHPHQWV LQFRPSOH[
JHQRPHVWKURXJKWUDQVFULSWRPHFKDUDFWHUL]DWLRQVDQGJHQRPHLQWHUURJDWLRQ7RIDFLOLWDWHVXFKXQGHUVWDQGLQJ'U5XDQ
VODE
KDYH GHYHORSHG SDLUHGHQGGLWDJ 3(7 EDVHG KLJK WKURXJKSXW DQG KLJK SUHFLVLRQ '1$ VHTXHQFLQJ DQG PDSSLQJ
PHWKRGRORJLHV7KHVH VHTXHQFLQJEDVHGPHDVXUHPHQWV DUHXVHG WRDGGUHVV FRPSOH[ELRORJLFDO TXHVWLRQV VXFK DVKRZFDQFHU FHOOV

































U *KD]L 7DGPRXUL LV WKH$VVLVWDQW'LUHFWRU RI WKH&HQWUH IRU$UDE*HQRPLF 6WXGLHV D GLYLVLRQ RI WKH 6KHLNK+DPGDQ
$ZDUG IRU0HGLFDO 6FLHQFHV 'XEDL8$(  6LQFH0DUFK  KH LVPHPEHU RI WKH8$(0LQLVWU\ RI+HDOWKµV+LJKHU
&RPPLWWHH IRU+HDOWK5HVHDUFK  ,Q +H ODXQFKHG WKH&7*$'DWDEDVH IRU JHQHWLF GLVRUGHUV LQ$UDE SHRSOH DQG LV
KHDGLQJLWVGHYHORSPHQWWHDP'U7DGPRXULLVPHPEHURIWKHFRQVXOWDQF\JURXSVXSSRUWLQJWKH81'3/HEDQRQʊ7UDQVIHU





WKDQ  ERRNV DQG LQWHUQDWLRQDO VFLHQWLILF DUWLFOHV  +H SUHVHQWHG VFLHQWLILF SDSHUV LQPRUH WKDQ  LQWHUQDWLRQDO FRQIHUHQFHV DQG
ZRUNVKRSV'HVSLWHWKLV'U7DGPRXULEHOLHYHVWKDWVFLHQWLILFNQRZOHGJHLVRQO\HIIHFWLYHZKHQWUDQVODWHGLQWRSXEOLFSUDFWLFH%RUQ
RQWKHWKRI1RYHPEHUWRDIDPLO\ZLWKURRWVIURPWKH0DPHOXNHFLWLHVRI7ULSROLDQG&DLURHGXFDWHGLQ%HLUXWDQG,VWDQEXO












U 7DOHE$O$OL LV D FRQVXOWDQW JHQHWLFLVW DQG KHDG RI WKH*HQHWLFV &HQWUH DW $O:DVO +RVSLWDO LQ 'XEDL +H LV DOVR DQ
DGMDFHQW DVVLVWDQW SURIHVVRU LQ WKH 'HSDUWPHQW RI %LRFKHPLVWU\ DW WKH )DFXOW\ RI 0HGLFLQH DQG +HDOWK 6FLHQFHV 8$(
8QLYHUVLW\'U$O$OLJUDGXDWHGLQZLWKDGHJUHHLQODERUDWRU\0HGLFLQHIURPWKH8QLYHUVLW\RI.HQWXFN\DQG3K'LQ












RGG 7D\ORU LV 7HDP /HDGHU RI WKH /DERUDWRU\ IRU0HWD6\VWHPV 5HVHDUFK DW WKH 5,.(14XDQWLWDWLYH %LRORJ\ &HQWHU LQ
<RNRKDPD -DSDQ +LV WHDP LV IRFXVHG RQ GHYHORSLQJ DOJRULWKPV DQG KLJKWKURXJKSXW FRPSXWDWLRQDO VROXWLRQV IRU WKH
XQGHUVWDQGLQJRIPHWDJHQRPLFHQYLURQPHQWVDQGVLQJOHEDFWHULDOVSHFLHVDQG LV LQYROYHG LQ WKHDQDO\VLVRIYDULRXVKXPDQ
KHDOWKDQGHQYLURQPHQWUHODWHGPLFURELDOFRPPXQLWLHV+HILUVWVWDUWHGZRUNLQJDW5,.(1LQDVDUHVHDUFKVFLHQWLVWDQG
EHFDPHWHDPOHDGHULQ+HUHFHLYHGKLV3K'LQ0ROHFXODUDQG0HGLFDO*HQHWLFVIURP2UHJRQ+HDOWK	6FLHQFH8QLYHUVLW\LQ
3RUWODQG 2UHJRQ ZKHUH WKH WKHPH RI KLV UHVHDUFK ZDV WKHʊ*HQHWLF DQG 3K\VLFDO0DSSLQJ RI WKH *HQH IRU +DOOHUYRUGHQ6SDW]


















HUYHEHJDQ WRZRUNDW*HQRPH ,QVWLWXWHRI6LQJDSRUH LQ+H LV WKHSURGXFWLRQ/HDGHU IRU*HQRPH7HFKQRORJ\DQG
%LRORJ\JURXS7KH*7	%JURXSLVDSSO\LQJFXWWLQJHGJHLQQRYDWLYHJHQRPLFWHFKQRORJLHVDQGQH[WJHQHUDWLRQVHTXHQFLQJ

















DIWHUZDUGV +HUHWXUQHG WR&KLQD LQDQGFRIRXQGHG%*,IRUPHUO\%HLMLQJ*HQRPLFV,QVWLWXWH LQ$V WKHFR
IRXQGHUVRI%*,KHDQGKLVFROODERUDWRUVKDYHPDGHDVLJQLILFDQWFRQWULEXWLRQWRWKH+*3DQG+DS0DSSURMHFWVDVZHOODV
WRVHTXHQFLQJDQGDQDO\VLQJJHQRPHVRIULFHFKLFNHQVLONZRUPJLDQWSDQGDFXFXPEHUDQGPDQ\PLFURRUJDQLVPV%*,
SXEOLVKHG WKH ILUVW$VLDQµV JHQRPH KXPDQ SDQJHQRPH KXPDQ DQFLHQW JHQRPH DQG KXPDQ JXWPHWDJHQRPV E\PHDQV RI QHZ
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,GHQWLI\LQJ WKH ORFDWLRQ RI GLVHDVH JHQH ZLWKLQ D KXPDQ
JHQRPH LV D SURFHVV RI REVHUYLQJ WKH DVVRFLDWLRQV RIPDUNHU
DOOHOHV LQ DIIHFWHG DQG FRQWUROOHG LQGLYLGXDOV +DSORW\SH
SURYLGHVXVHIXOVWXG\IRUOLQNDJHGLVHTXLOLEULXPDPRQJDOOHOHV
*HQRPH VFDQQLQJ XVLQJPLFURVDWHOOLWHPDUNHUV JLYH HIIHFWLYH
UHVXOWVLQKDSORW\SHDVVRFLDWLRQVWXGLHV7KHHIILFDF\RIGLVHDVH
JHQH PDSSLQJ QRW RQO\ GHSHQGV XSRQ WKH SDWWHUQ PLQLQJ
DOJRULWKP EXW DOVR RQ WKH FKRLFH RI PDUNHUV FKURPRVRPHV
WKUHVKROG YDOXH DQG WKH VWUHQJWK RI DVVRFLDWLRQPHDVXUH XVHG
GXULQJ SDWWHUQ PLQLQJ DOJRULWKP ,W LV DOVR LPSRUWDQW WR
XQGHUVWDQG WKH IHDWXUHV RI GRPDLQ LQ ZKLFK WKH DOJRULWKP LV
EHLQJ DSSOLHG DV WKH SHUIRUPDQFH RI WKH GLIIHUHQW DOJRULWKPV
PD\ YDU\ GHSHQGLQJ RQ WKHVH IHDWXUHV ,Q WKLV SDSHU ZH
DGGUHVV WKH SUREOHP RI JHQH PDSSLQJ DQG WUDQVODWH WKLV
SUREOHPLQWRGLVHDVHJHQHLGHQWLILFDWLRQSUREOHP:HSURSRVH
D QHZ DOJRULWKP WKDW ILQGV WKH ORFDWLRQ RI D GLVHDVH JHQH E\
PLQLQJ WKH DOOHOH SDWWHUQV EDVHG RQ KHXULVWLF VHDUFK $ NH\
DVVXPSWLRQ WKDW ZH KDYH IROORZHG IRU KDSORW\SH PDSSLQJ LV
WKHQRQUDQGRPDVVRFLDWLRQRIPDUNHUDOOHOHVDQGKDSORW\SHVWR
GHWHFWWKHGLVHDVHJHQH:HKDYHGHYHORSHGDQRYHODSSURDFK
WR LGHQWLI\ WKH VHWRIDVVRFLDWHGPDUNHUDOOHOHV LQ WKH IRUPRI
KDSORW\SH SDWWHUQV XVLQJ D KHXULVWLF VHDUFK :H JLYH WKH
IUHTXHQF\VFRUHWRHDFKSDWWHUQDQGEDVHGRQWKHVFRUHRIHDFK
SDWWHUQZHILQGWKHWZRPRVWIUHTXHQWPDUNHUVQHDUWKHGLVHDVH
VXVFHSWLELOLW\ JHQH )RU RXU H[SHULPHQWV ZH KDYH VHOHFWHG
WKUHHGDWDVHWVZKLFKDUHJHQHUDWHGE\7RLYRQHQHWDOLQ
7KHVH VLPXODWHG GDWDVHWV FRQWDLQV WKH FKDUDFWHULVWLFV RI
UHDOLVWLF LVRODWHG IRXQGHU SRSXODWLRQ WKDW JURZ IURP  WR
DERXW  LQGLYLGXDOV RYHU D SHULRG RI  \HDUV (DFK
GDWDVHW FRQVLVWV RI FDVHFRQWURO FKURPRVRPHV 
PLFURVDWHOOLWHPDUNHUVDQGKDVGLIIHUHQWGLVHDVHJHQHORFDWLRQ
2XU H[SHULPHQWDO UHVXOWV DUH QHDUO\ VLPLODU WR WKH UHVXOWV RI
H[LVWLQJ DOJRULWKP FDOOHG +DSORW\SH 3DWWHUQ 0LQLQJ +30
SURSRVHGE\7RLYRQHQHWDOLQ:HDSSO\DQHZPHWKRG
RQ VLPXODWLRQJHQHUDWHG GDWDVHWV DQG ILQG WKH UHOLDEOH UHVXOWV
DERXW GLVHDVH JHQH ORFDWLRQ 7DEOH  VKRZV WKH FRPSDULVRQ
EHWZHHQREVHUYHGGLVHDVH JHQH ORFDWLRQ XVLQJQHZ DOJRULWKP
DQG H[LVWLQJ +30 DOJRULWKP 'DWDVHW 0XWDWLRQ/RFDWLRQ
1HZ DOJRULWKP/RFDWLRQ +30 DOJRULWKP 0 WR
00WR00WR00WR00WR
00 WR0  /LNH +30 SURSRVHG E\ 7RLYRQHQ DW DO
 DQG/LQNDJH7UDFNHU DOJRULWKP SURSRVHG E\/LQ HW DO
 RXU QHZ DOJRULWKP GRHV QRW UHTXLUH DQ\ SRSXODWLRQ
DQFHVWU\ LQIRUPDWLRQ DQG GHWHFWV D GLVHDVH ORFXV LI WKH
PXWDWLRQLVSUHVHQWHYHQDWEHORZLQWKH'1$VDPSOHV,Q
DGGLWLRQ D QHZDOJRULWKP LV QRW ERXQGHGZLWK WKH IUHTXHQF\





















%UHDVW FDQFHU LV WKH PRVW FRPPRQ FDQFHU LQ ZRPHQ DQG
DFFRXQWV IRU EHWZHHQ  RI DOO IHPDOH PDOLJQDQFLHV
ZRUOGZLGH ,Q ,QGLD WKH LQFLGHQFH RI EUHDVW FDQFHU LV
LQFUHDVLQJ ZLWK DQ HVWLPDWHG  QHZ FDVHV GLDJQRVHG
DQQXDOO\)DPLO\KLVWRU\LVRQHRIWKHVWURQJHVWULVNIDFWRUVIRU
GHYHORSLQJ EUHDVW FDQFHU *HQHWLF SUHGLVSRVLWLRQ IRU IDPLOLDO
HDUO\RQVHWRIEUHDVWFDQFHUDFFRXQWVIRUDSSUR[LPDWHO\
RIDOOEUHDVWFDQFHUV7KHIRFDODLPRIWKHSUHVHQWLQYHVWLJDWLRQ
LV WR ILQG RXW WKH PDMRU FKURPRVRPDO DOWHUDWLRQ LQ EUHDVW
FDQFHU SDWLHQWV DQG DQDO\]H WKH %5&$ JHQH PXWDWLRQ LQ
EUHDVW FDQFHU SDWLHQWV DV D PROHFXODUPDUNHU IRU GLDJQRVLQJ
WKHGLVHDVHLQ7DPLO1DGXUHJLRQ0RUHRYHU IROORZXSVWXG\
KDVEHHQFRQGXFWHGLQWKH\HDURIWR,QWKHSUHVHQW
VWXG\  EUHDVW FDQFHU SDWLHQWVZHUH VHOHFWHG RQ WKH EDVLV RI
&$ PDUNHU ZKLFK LV WKH PRVW ZLGHO\ XVHG VHUXP
ELRFKHPLFDOWXPRUPDUNHULQEUHDVW7KHZRUNZDVFDUULHGRXW
LQDFFRUGDQFHZLWKWKHHWKLFDOVWDQGDUGVODLGGRZQLQWKH
'HFODUDWLRQ RI+HOVLQNL$IWHU VLJQLQJ D FRQVHQW IRUP EORRG
VDPSOHV  PO ZDV FROOHFWHG DQG HVWDEOLVK WKH KUV FHOO
FXOWXUHV ,Q RXU VWXG\ VDWHOOLWH IRUPDWLRQ GHOHWLRQ DQG
WUDQVORFDWLRQZHUH IUHTXHQWO\REVHUYHG LQ FKURPRVRPH DQG
;;GHOV;;GHOS;;GHOT
  ;; GHO T  ;; W ST    ;;
WTT ;; WT7KH%5&$PXWDWLRQVZHUH




RI WKHEUHDVWFDQFHU%5&$JHQH VSHFXODWH WKDW WKH%5&$
SURWHLQPD\EHXVHIXOLQWKHWUHDWPHQWRIEUHDVWFDUFLQRPDDVD




FKDUDFWHUL]DWLRQ RI VXFK JHQHVZLOO KDYH D VLJQLILFDQW LPSDFW
RQEUHDVWFDQFHUUHVHDUFKDQGHDUO\GHWHFWLRQ













2YHU DQ HYROXWLRQDU\ WLPH VFDOH WKH VWUXFWXUH RI WKH KXPDQ
JHQRPH KDV EHHQ VWURQJO\ LQIOXHQFHG E\ QDWXUDO VHOHFWLRQ
+RZHYHUQDWXUDOVHOHFWLRQLVH[SHFWHGWRKDYHKDGGLIIHUHQWLDO
LPSDFWV RQ GLIIHUHQW VHJPHQWV RI WKH JHQRPH +\SRWKHVLV
*HQRPLF UHJLRQV ZLWK GHFUHDVLQJ IXQFWLRQDOLW\ ZLOO H[KLELW
GHFUHDVLQJ LPSDFWV RI QDWXUDO VHOHFWLRQ  7R WHVW WKLV
K\SRWKHVLV ZH KDYH VHOHFWHG ILYH JHQRPLF UHJLRQV RI
GHFUHDVLQJ IXQFWLRQDOLW\ D $WKHURVFOHURVLVDVVRFLDWHG
6HOHFWLQ / 6(// E +RXVHNHHSLQJ *OXFRVHSKRVSKDWH
GHK\GURJHQDVH*3'DQG%HWD$FWLQ$&7%DQG F WZR
JHQHGHVHUWUHJLRQV*'(6DQG*'(6RQFKURPRVRPHV
DQG  :H FDUULHG RXW GRXEOHSDVV UHVHTXHQFLQJ RI WKHVH
UHJLRQV LQ  LQGLYLGXDOV FKRVHQ IURP  VRFLRFXOWXUDOO\ DQG
JHRJUDSKLFDOO\ GLYHUVH HWKQLF JURXSV RI ,QGLD WR GLVFRYHU
JHQRPLF YDULDWLRQ :H WKHQ H[SDQGHG RXU LQYHVWLJDWLRQ RI
JHQRPLF YDULDWLRQ E\ VHOHFWLQJ aNE VHJPHQW DURXQG WKUHH
FRUH UHJLRQV  6(//$&7%*'(6 RQH FKRVHQ IURPHDFK
IXQFWLRQDO FDWHJRU\ DQG JHQRW\SLQJ DQ DGGLWLRQDO VHW RI 
LQGLYLGXDOVFKRVHQIURPWKHVDPHSRSXODWLRQV:HDQDO\]HG
RXU GDWD VHSDUDWHO\ DQG LQ FRPELQDWLRQ ZLWK +DS0DS GDWD
XVLQJ D YDULHW\ RI VWDWLVWLFDOPHWKRGV VXFK DV FDOFXODWLRQ RI
VLWHIUHTXHQF\ VSHFWUD WHVWV RI QHXWUDOLW\+.$ WHVW QHWZRUN
DQDO\VLV DQG ORQJUDQJH KDSORW\SH WHVWV WR DVVHVV JHQRPLF
YDULDWLRQ DQG WKH LPSDFW RI QDWXUDO VHOHFWLRQ  5HVXOW 
$QDO\VHVRIVLWHIUHTXHQF\VSHFWUD&RPSDUHG WRH[SHFWDWLRQV
XQGHU QHXWUDO HYROXWLRQ D 6(// H[KLELWHG VLJQLILFDQWO\
S JUHDWHU LQWHUPHGLDWH IUHTXHQF\ YDULDQWV E *3'
VKRZHG ODUJH GHYLDWLRQV F $&7% VKRZHG QR VLJQLILFDQW
S! GHYLDWLRQ DQG G *HQH GHVHUWV VKRZHG PDUJLQDO
GHYLDWLRQV S  IRU *'(6 DQG S  IRU*'(6 
1HXWUDOLW\ WHVWV 7DMLPD' DQG)X	/L' DQG ) VWDWLVWLFV
ZHUH QRQVLJQLILFDQW S! IRU DOO JHQRPLF UHJLRQV 
0HGLDQMRLQLQJ KDSORW\SH QHWZRUNV )RU D 6(// KLJK
IUHTXHQF\PRGDOKDSORW\SHVZHUHVHSDUDWHGE\ORQJEUDQFKHV
PXOWLSOHVWDUOLNHSK\ORJHQLHVUDGLDWLQJIURPODUJHUQRGHVE
*3' SUHVHQFH RI WZR SUHGRPLQDQW KDSORW\SHV ZLWK VRPH
ORZ IUHTXHQF\ KDSORW\SHV F $&7% RQO\ RQH SUHGRPLQDQW
KDSORW\SHZDVSUHVHQWG*'(6DQG*'(6KLJKPHGLXP
DQGORZIUHTXHQF\KDSORW\SHVZHUHDOOSUHVHQW WKHVHSDWWHUQV
DUH FRQVLVWHQW ZLWK QHXWUDOLW\  +.$ WHVW 1R UHMHFWLRQ RI
QHXWUDOLW\ /RZIUHTXHQF\YDULDQWVZHUHFRPPRQO\ IRXQG
LQ JHQH GHVHUWV JHQLF UHJLRQV FRPPRQO\ FRPSULVHG
SRO\PRUSKLF YDULDQWV  3UHVHQFH RI D QHLJKERULQJ JHQH
VWUHQJWKHQHG WKH /' VWUXFWXUH LQ WKH JHQRPLF UHJLRQ DURXQG
WKH FKRVHQ JHQHV  /' VWUXFWXUH EHWZHHQ +DS0DS
SRSXODWLRQVDQG,QGLDQSRSXODWLRQVZHUHKLJKO\FRQFRUGDQWIRU
JHQLFUHJLRQVEXWQRWIRUJHQHGHVHUWV/5+WHVWH[KLELWHG
VLJQLILFDQW GLYHUVLW\ LQ ORQJUDQJH KDSORW\SH KRPR]\JRVLW\
VWUXFWXUHV DFURVV SRSXODWLRQV IRU DOO JHQRPLF UHJLRQV
*HQRPLF YDULDWLRQ DQG KDSORW\SH VWUXFWXUH DURXQG WKH 6(//
JHQHDVVRFLDWHGZLWKDWKHURVFOHURVLVH[KLELWHGVWURQJLPSDFW
RIQDWXUDOVHOHFWLRQKRXVHNHHSLQJJHQHV$&7%DQG*3'
GHSLFWHG YDULDEOH VLJQDWXUHV RI QDWXUDO VHOHFWLRQ ZKLOH WKH
QDWXUH DQG H[WHQW RI YDULDWLRQ LQ DQG DURXQG WKH JHQHGHVHUW
UHJLRQVFRQIRUPHGWRQHXWUDOH[SHFWDWLRQV7KHVHILQGLQJVDUH
VXSSRUWLYHRIRXUK\SRWKHVLVWKDWLPSDFWRIQDWXUDOVHOHFWLRQRQ

















*HQHV LQYROYHG LQ FRPPRQ FRPSOH[ GLVHDVHV VXFK DV WKH
DXWRLPPXQH GLVRUGHUV WKDW DIIHFW DSSUR[LPDWHO\  RI WKH
SRSXODWLRQ UHPDLQ REVFXUH 7KH JHQH HQFRGLQJ F\WRWR[LF 7
O\PSKRF\WHDVVRFLDWHGDQWLJHQ&7/$KDVEHHQVXJJHVWHG
DV D FDQGLGDWH JHQH IRU FRQIHUULQJ VXVFHSWLELOLW\ WR
DXWRLPPXQLW\&\WRWR[LF7O\PSKRF\WHDQWLJHQ&7/$LV
D QHJDWLYH UHJXODWRU RI 7FHOO IXQFWLRQ ZKLFK KDV EHHQ
VXJJHVWHG WR EH LQYROYHG LQ D ZLGHUDQJH VXVFHSWLELOLW\ WR
DXWRLPPXQHGLVHDVHVLQFOXGLQJYLWLOLJR9LWLOLJRLVDQDFTXLUHG
SLJPHQWDU\ GLVRUGHU FKDUDFWHUL]HG E\ DUHDV RI GHSLJPHQWHG
VNLQ UHVXOWLQJ IURP ORVV RIPHODQRF\WHV DIIHFWLQJ  RI
WKH ZRUOG SRSXODWLRQ 7KH FRQWULEXWLRQ RI JHQHWLF IDFWRUV LQ
VXVFHSWLELOLW\ WRYLWLOLJR LV H[HPSOLILHGE\ IDPLOLDO FOXVWHULQJ
$ERXW  RI YLWLOLJR SDWLHQWV KDYH DW OHDVW RQH ILUVWGHJUHH
UHODWLYH DIIHFWHG 6HYHUDO WKHRULHV KDYH EHHQ SURSRVHG WR
H[SODLQ WKH PHFKDQLVP RI YLWLOLJR SDWKRJHQHVLV KRZHYHU
DXWRLPPXQH K\SRWKHVLV LVZHOO DFFHSWHG 7KH DLP RI SUHVHQW
VWXG\ ZDV WR H[SORUH H[RQ $* UV DQG k¼
875&7$*UVVLQJOHQXFOHRWLGHSRO\PRUSKLVPV
613V LQ&7/$ JHQH DQG WR VWXG\ WKHLU DVVRFLDWLRQVZLWK
YLWLOLJR VXVFHSWLELOLW\ ,QWHUHVWLQJO\ WKH * DOOHOH RI &7/$
$* 613 ZDV IRXQG WR EH LQYROYHG LQ WKH DOWHUHG
LQWUDFHOOXODU WUDQVSRUW RI WKH &7/$ SURWHLQ DQG LWV
DYDLODELOLW\ RQ WKH FHOO VXUIDFH ,Q DGGLWLRQ WKH µ 875
&7$*DOOHOLFYDULDWLRQZDV UHSRUWHG WREH FRUUHODWHGZLWK
ORZHUP51$ OHYHOV RI WKH VROXEOH DOWHUQDWLYH VSOLFH IRUP RI
&7/$V&7/$VXJJHVWLQJWKHFUXFLDOUROHRIWKHVH613V
LQDXWRLPPXQHGLVHDVHV3RO\PHUDVHFKDLQUHDFWLRQ5HVWULFWLRQ
IUDJPHQW OHQJWK SRO\PRUSKLVP 3&55)/3 WHFKQLTXH ZDV
XVHG IRU WKH DQDO\VLV RI WKHVH SRO\PRUSKLVPV LQ  YLWLOLJR
SDWLHQWV DQG  XQDIIHFWHG DJHPDWFKHG FRQWUROV RI *XMDUDW
SRSXODWLRQZKHUHSUHYDOHQFHRIYLWLOLJRLVDODUPLQJO\KLJKLH
7KHJHQRW\SHDQGDOOHOHIUHTXHQFLHVIRU&7$*613
ZHUH VLJQLILFDQWO\ GLIIHUHG S  S UHVSHFWLYHO\
EHWZHHQ SDWLHQWV DQG FRQWURO SRSXODWLRQZKHUHDV IUHTXHQFLHV
RI JHQRW\SHV DQG DOOHOHV IRU $* 613 GLG QRW GLIIHU
VLJQLILFDQWO\ S  S  UHVSHFWLYHO\ZKHQ FRPSDUHG
ZLWK&KLVTXDUH WHVW*HQHH[SUHVVLRQ DQDO\VLVRI&7/$ LV
DOVREHLQJFDUULHGRXWLQYLWLOLJRSDWLHQWVDQGFRQWUROVDQGZLOO
EH DQDO\]HG LQ FRUUHODWLRQ WR WKH UHVSHFWLYH JHQRW\SHV ,Q
FRQFOXVLRQRXUUHFHQWUHVXOWVVXJJHVWWKDWWKHZHOOGRFXPHQWHG
158 HUGO J (2011) 5:1–346
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+XPDQJHQRPHSRO\PRUSKLVP LVH[SHFWHG WRSOD\DNH\ UROH
LQ GHILQLQJ WKH EDVLV RI SKHQRW\SLF GLIIHUHQFHV EHWZHHQ
LQGLYLGXDOV6XFKYDULDWLRQVLQWKHKXPDQJHQRPHPLJKWKDYH
D PDMRU LPSDFW RQ GLVHDVH SUHGLVSRVLWLRQ DQG RQ GUXJ
UHVSRQVHV DV ZHOO ,Q WKLV VWXG\ ZH DLPHG WR KLJKOLJKW QHZ
FDQGLGDWHJHQHVIRU.DOD$]DUSUHGLVSRVLWLRQPRUHWKDQWKRVH
LGHQWLILHG LQ WKH SUHYLRXV VWXGLHV :H WKHUHIRUH VFUHHQ WKH
ZKROH JHQRPH RI  LQGLYLGXDOV IURP D KLJKO\ VXVFHSWLEOH
0DVDOLW WULEH XVLQJ  KLJKO\ SRO\PRUSKLF PLFURVDWHOOLWH
JHQHWLF PDUNHUV 7KH PHPEHUV RI WKLV WULEH OLYH LQ WZR
GLIIHUHQWYLOODJHV$O5XJDEDQG8P6DODODYLOODJHVORFDWHGLQ
WKHKHDUWRI.DOD$]DUHQGHPLFDUHDLQ6XGDQ7KHPXOWLSRLQW
DQDO\VLV SHUIRUPHG IRU DOO LQGLYLGXDOV IURP WKH WZR YLOODJHV
SURYLGHGHYLGHQFHIRUOLQNDJHRI.DOD$]DUVXVFHSWLELOLW\WR
UHJLRQV RQ FKURPRVRPH S T T T DQG
TSDGGLWLRQDOPDUNHUVZHUHDGGHG
DQG ZHUH JHQRW\SHG LQPRUH VDPSOHV IURP WKH WZR YLOODJHV
6WUDWLILFDWLRQ RI IDPLOLHV E\ YLOODJH UHYHDOHG YLOODJHVSHFLILF
IRU OLQNDJH LQ 8P 6DODOD DW S DQG T S [
S  UHVSHFWLYHO\ LQ (O 5XJDE DW T T DQG DW
T S  S S [ 0DQ\ JHQHV ZHUH
DQQRWDWHGRQ WKHVH ORFLRIZKLFK 2QS%&/DFWLYDWHV
1)NDSSD% LQ UHVSRQVH WR DQWLJHQUHFHSWRU VWLPXODWLRQ DQG
''$+LQFUHDVHVQLWULFR[LGHSURGXFWLRQ2QT'//
3OD\ UROH LQ 7 KHOSHU  LQGXFWLRQ 7KHVH UHVXOWV LQGLFDWH WKDW





GHPRQVWUDWH WKH LPSRUWDQFH RI XQGHUVWDQGLQJ SRSXODWLRQ


















2&7 LV D PDVWHU UHJXODWRU RI VHOIUHQHZDO DQG LQYROYHG LQ
UHJXODWLQJ SOXULSRWHQF\ LQ HPEU\RQLF VWHP FHOOV (6&V ,Q
DGGLWLRQ WR WKH SUHYLRXVO\ GHVFULEHG VSOLFHG YDULDQWV RI WKH
JHQHHJ2&7$DQG2&7%ZHKDYHUHFHQWO\LGHQWLILHGD
QRYHO YDULDQW RI WKH JHQH GHVLJQDWHG DV 2&7% 7KH
H[SUHVVLRQRI2&7$ LV OLPLWHG WR(6&VDQG(&&VEXWQRW
H[SUHVVHG LQ RWKHU QRQSOXULSRWHQW FHOOV :KLOH 2&7% LV
H[SUHVVHGDWORZOHYHOVZKHQGHWHFWHG2&7%LVH[SUHVVHG
KLJKO\LQ(6&VDQG(&&VDQGLWVH[SUHVVLRQGHFUHDVHVZLWKWKH
RQVHW RI GLIIHUHQWLDWLRQ 2&7%LV KLJKO\ XSUHJXODWHG LQ
YDULRXVWXPRUVDQGFHOOOLQHVZKHUHLWDFWVDVDQDQWLDSRSWRWLF
IDFWRU 0DWHULDO DQG PHWKRGV :H KDYH GHVLJQHG VSHFLILF
VL51$V WR VXSSUHVV2&7% H[SUHVVLRQ LQ VWHP DQG WXPRU
FHOO OLQHV:HKDYHDOVRFRQVWUXFWHGDQ+$WDJJHG2&7%
ZKLFK JHQHUDWHV DQ 1WHUPLQDO WDJJHG SURWHLQ GHWHFWDEOH E\
+$ DQWLERG\ 7KH WUDQVIHFWHG FHOOV WKHQ ZHUH O\VHG DQG WKH
H[SUHVVLRQRI+$2&7%WUDQVFULSWDQGSURWHLQGHWHFWHGE\
PHDQV RI UHDOWLPH 3&5 DQG:HVWHUQ %ORWWLQJ 5HVXOWV 2XU
GDWDUHYHDOHGWKDWLQWHUIHULQJZLWKWKHH[SUHVVLRQRI2&7%
FDXVHV SURIRXQG FKDQJHV LQ WKH PRUSKRORJ\ DQG FHOO F\FOH
GLVWULEXWLRQ RI WKH FHOOV )XUWKHUPRUH :HVWHUQ EORWWLQJ




DQG WXPRURJHQHVLV 2XU GDWD DOVR UHYHDOHG WKDW 2&7%

















0HWK\ODWLRQ RI &S* LVODQGV LV D PHFKDQLVP IRU WKH
VXSSUHVVLRQ RI JHQH WUDQVFULSWLRQ LQ SK\VLRORJLFDO DQG
SDWKRORJLFDO VHWWLQJV LQFOXGLQJ QHRSODVLD 7KH UHFHQWO\
GHVFULEHG &S* LVODQGPHWK\ODWRU SKHQRW\SH LV DQ DOWHUQDWLYH
WXPRULJHQHVLV SDWKZD\ FKDUDFWHUL]HG E\ PHWK\ODWLRQ RI
PXOWLSOH SURPRWHU UHJLRQV RI WXPRU VXSSUHVVRU JHQHV
KDUERULQJ&S* LVODQGV5HFHQW VWXGLHV KDYH VKRZQ WKDW&S*
LVODQG PHWK\ODWRU SKHQRW\SH LV YHU\ FRPPRQ LQ
OHXNHPLRJHQHVLV 7KH HSLJHQHWLF FKDQJHV RI 76*V DUH QRZ
UHFRJQL]HGDVDPHFKDQLVPFRQWULEXWLQJWRWKHSURJUHVVLRQDQG
GHYHORSPHQWRI FKURQLFP\HORLG OHXNHPLD &0/7RFODULI\
WKHUROHRI'$3.DQG3LQ&0/SURJUHVVLRQZHH[DPLQHG
WKHPHWK\ODWLRQ VWDWXV RI '$3. LQ  SDWLHQWVZLWK &0/
XVLQJ PHWK\ODWLRQVSHFLILF SRO\PHUDVH FKDLQ UHDFWLRQ 7KH
VWXG\ LQFOXGHG  &0/ SDWLHQWV  SDWLHQWV LQ DGYDQFHG
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VWDJHDQGLQLQLWLDOVWDJH&3&0/)URPHDFKDQGHYHU\
SDWLHQWV PO SHULSKHUDO EORRG VDPSOH ZDV FROOHFWHG LQ 
('7$YLDO*HQRPLF'1$ZDVLVRODWHGIURPSHULSKHUDOEORRG
VDPSOHV DQG DSSUR[LPDWHO\  PJ RI '1$ ZDV VRGLXP
ELVXOILWHPRGLILHG DQG VXEMHFWHG WR 0633&5 7KH '1$
FRQFHQWUDWLRQ ZDV GHWHUPLQHG E\ VSHFWURSKRWRPHWU\ DQG LWV
LQWHJULW\ ZDV FKHFNHG E\  JHO HOHFWURSKRUHVLV 7KH
DEHUUDQWPHWK\ODWLRQ RI WKH'$3. JHQHZDV IRXQG LQ 
LQDGYDQFHGVWDJH&0/SDWLHQWVDQGLQ
LQLWLDO VWDJH &0/ ZKHUHDV WKH DEHUUDQW PHWK\ODWLRQ RI S
JHQH ZDV IRXQG LQ   LQ DGYDQFHG VWDJH &0/
SDWLHQWVDQGLQLQLWLDOVWDJH&0/1RFRUUHODWLRQ
ZDV IRXQG EHWZHHQ '$3. JHQH PHWK\ODWLRQ DQG WKH DJH
KHPDWRORJLF SDUDPHWHUV WKH W\SHV DQG OHYHOV RI EFUDEO
WUDQVFULSWV RI &0/ SDWLHQWV +RZHYHU FRUUHODWLRQ FRXOG EH
REVHUYHG EHWZHHQ WKH ORVV RI PROHFXODU DQG KHPDWRORJLFDO
UHVSRQVHVVH[DQG WKHVWDWXVRI'$3.PHWK\ODWLRQ LQ&0/
SDWLHQWV 5    3    )XUWKHUPRUH WKHUH ZDV D
VLJQLILFDQW FRUUHODWLRQ EHWZHHQ '$3. PHWK\ODWLRQ DQG WKH
VWDJHVRI&0/5 3 7KH&0/SDWLHQWV LQ
DFFHOHUDWHG SKDVH $3 DQG EODVW FULVLV %& KDG KLJKHU
IUHTXHQF\RI'$3.PHWK\ODWLRQWKDQWKRVHLQFKURQLFSKDVH
&3  YV  3    ,QPRVW FDVHV WKH VWDWXV RI
'$3. PHWK\ODWLRQ EHFDPH SRVLWLYH RQ WKH WUDQVLWLRQ IURP
&3 WR $3 DQG %& 7KHVH UHVXOWV VXJJHVWHG WKDW '$3.
SURPRWHU PHWK\ODWLRQ PLJKW SOD\ D VLJQLILFDQW UROH LQ WKH
SURJUHVVLRQ RI &0/ &RPSDULQJ WKH IUHTXHQFLHV RI S
PHWK\ODWLRQEHWZHHQLQLWLDODQGDGYDQFHGVWDJH&0/SDWLHQWV
WKH UHVXOWV REWDLQHG ZHUH QRW VLJQLILFDQW  YV  3  



















)DPLOLDO K\SRPDJQHVDHPLD ZLWK K\SHUFDOFLXULD DQG
QHSKURFDOFLQRVLV )++1& LV D UDUH UHQDO WXEXODU GLVRUGHU
FRPSOLFDWHG E\ SURJUHVVLYH UHQDO IDLOXUH GXULQJ FKLOGKRRG RU
DGROHVFHQFH 5HFHQWO\ FDXVDWLYH PXWDWLRQV LQ D QHZO\
LGHQWLILHGPHPEHURIWKHFODXGLQPXOWLJHQHIDPLO\&/'1
KDYHEHHQLGHQWLILHGLQ)++1&SDWLHQWVSUHVHQWHGZLWKVHYHUH
RFXODU LQYROYHPHQW 7KH REMHFWLYH RI WKH VWXG\ ZDV WR
LQYHVWLJDWH WKH PROHFXODU JHQHWLF GHIHFW XQGHUO\LQJ )++1&
ZLWKVHYHUHRFXODUDEQRUPDOLWLHVLQD3DNLVWDQLFRQVDQJXLQHRXV
IDPLO\ &OLQLFDO DQG ELRFKHPLFDO SDUDPHWHUV RI WKH SUREDQG
ZHUH VWXGLHG GXULQJ WKH IROORZ XS SHULRG RYHU ILYH \HDUV
*HQRW\SLQJ RI VHYHQ PHPEHUV RI WKH IDPLO\ LQFOXGLQJ RQH
DIIHFWHGLQGLYLGXDOZDVSHUIRUPHGE\DPSOLI\LQJSRO\PRUSKLF
PLFURVDWHOOLWH PDUNHU ORFL WLJKWO\ OLQNHG WR &/'1 DQG
&/'1JHQHV7RVFUHHQIRUPXWDWLRQVDOOH[RQVDQGVSOLFH
MXQFWLRQV RI WKH WZR JHQHV ZHUH VHTXHQFHG GLUHFWO\ LQ DQ
DXWRPDWHG VHTXHQFHU 3&55)/3 DVVD\ DQG ELRLQIRUPDWLFV
DQDO\VLV ZHUH SHUIRUPHG WR YHULI\ WKH LGHQWLILHG PXWDWLRQ
*HQRW\SLQJUHYHDOHGWKDWWKHSUREDQGZDVKRPR]\JRXVIRUWKH
PDUNHUORFLWLJKWO\OLQNHGWR&/'1JHQH6HTXHQFHDQDO\VLV
LQ WKH SUREDQG UHYHDOHG KRPR]\JRVLW\ IRU D QRYHO PLVVHQVH
PXWDWLRQ LQH[RQRI WKH&/'1JHQH $!* UHVXOWLQJ
LQ *' DPLQR DFLG VXEVWLWXWLRQ %LRLQIRUPDWLFV DQDO\VLV
VXSSRUWHGWKHSDWKRJHQLFLW\RIWKHLGHQWLILHGPXWDWLRQ)DPLO\
VFUHHQLQJ UHYHDOHG QHSKUROLWKLDVLV LQ   KHWHUR]\JRXV
FDUULHUV RI SDWKRJHQLF PXWDWLRQ 7KLV VWXG\ VXSSRUWV WKH
IXQGDPHQWDO UROH RI FODXGLQ IRU PDJQHVLXP KRPHRVWDVLV














8SUHJXODWHG JHQH  85* *HQ%DQN *HQH,'  LV D
QRYHO JHQH VWLPXODWHG E\ +%[$J 6DWLURJOX7XIDQ DQG KHU
FROOHDJXHV KDYH GLVFRYHUHG 85* E\ 3&5 VHOHFW F'1$
VXEWUDFWLRQ XVLQJ +%[$JSRVLWLYH DQG +%[$J QHJDWLYH
+HS* FHOOV85* LV ORFDWHGRQ FKURPRVRPH S DQG
WKH IXOOOHQJWK 85* FORQH LV  NE ,W HQFRGHV D
SRO\SHSWLGH RI  DPLQR DFLGV ZLWK D PROHFXODU ZHLJKW RI
N'D85* LV VWURQJO\ H[SUHVVHG LQ KHSDWLWLV%LQIHFWHG
OLYHU DQG LQ+&&FHOOVZKHUH LW FRVWDLQHGZLWK+%[$J DQG
ZHDNO\H[SUHVVHGLQXQLQIHFWHGOLYHUVXJJHVWLQJWKDW85*LV
DQ HIIHFWRU RI +%[$J LQ YLYR 2YHUH[SUHVVLRQ RI 85* LQ
+HS*DQG*(6FHOOVSURPRWHVFHOOJURZWKDQGVXUYLYDOLQ
WLVVXH FXOWXUH DQG VRIW DJDU DQG DFFHOHUDWHV WXPRU
GHYHORSPHQW LQ QXGH PLFH VXJJHVWLQJ WKDW 85* PD\ EH
DVVRFLDWHGZLWKWKHRQVHWRIWXPRULJHQHVLV2YHUH[SUHVVLRQRI
85* LQ RVWHRVDUFRPD WLVVXHV LV ZHOO FRUUHODWHG ZLWK WXPRU
UHFXUUHQFH DQG PHWDVWDVLV DV ZHOO DV ZLWK WKH SUROLIHUDWLYH
DFWLYLW\RIRVWHRVDUFRPDFHOOV3DWLHQWVZLWKKLJKH[SUHVVLRQRI
85* KDG VKRUWHU VXUYLYDO WLPH VXJJHVWLQJ WKDW85*PD\
EH D YDOXDEOH SURJQRVWLFPDUNHU LQ RVWHRVDUFRPD SDWLHQWV ,Q
WKH SUHVHQW VWXG\ GLIIHUHQWLDO JHQH H[SUHVVLRQ DQDO\VHV LQ
51$LQWHUIHUHQFHPHGLDWHG85*JHQHVLOHQFHG+HS*FHOOV
KDYH EHHQ FDUULHG RXW E\ $II\PHWUL[ +XPDQ *HQRPH 8
 3OXV FKLS PLFURDUUD\ SODWIRUP 7KLV VWXG\ KDV EHHQ
VXSSRUWHG E\ 7KH 6FLHQWLILF DQG 7HFKQRORJLFDO 5HVHDUFK
&RXQFLORI7XUNH\78%,7$.6%$*6
 

















UROH LQ FDUFLQRJHQHVLV DQG SURJQRVLV RI PDOLJQDQW WXPRUV
LQFOXGLQJ EUHDVW FDQFHU ,Q WKH SUHVHQW VWXG\ ZH DLPHG WR
LQYHVWLJDWH WKH IUHTXHQF\RI+HU ,OH 9DO JHQRW\SHV DQG
DOOHOHV LQEUHDVWFDQFHU DQG WHVW WKH DVVRFLDWLRQZLWKGLIIHUHQW
FOLQLFRSDWKRORJLFDO GDWD +HU JHQH SRO\PRUSKLVP ZDV
DQDO\]HG E\ SRO\PHUDVH FKDLQ UHDFWLRQ DQG UHVWULFWLRQ
IUDJPHQW OHQJWK SRO\PRUSKLVP XVLQJ '1$ H[WUDFWHG IURP
YHQRXV EORRG VDPSOHV ZLWKGUDZQ IURP  EUHDVW FDQFHU
SDWLHQWV DQG  QRUPDO FRQWURO LQGLYLGXDOV
,PPXQRKLVWRFKHPLFDO DQDO\VLV ZDV GRQH RQ WLVVXH VDPSOHV
WDNHQIURPPDOLJQDQWFDVHVGXULQJPDVWHFWRP\WRDQDO\]HWKH
UHODWLRQRI+HUSRO\PRUSKLVPWRSURWHLQH[SUHVVLRQDQGWKHLU
HIIHFW RQ FOLQLFRSDWKRORJLFDO FULWHULD DV WXPRU VL]H
KLVWRSDWKRORJLFDO W\SH KLVWRORJLFDO JUDGH VWDJH O\PSK QRGH
LQYROYHPHQW DQG GLVWDQW PHWDVWDVLV 7KH IUHTXHQF\ RI
KRPR]\JRXV 9DO9DO DQG KHWHUR]\JRXV ,OH9DO JHQRW\SHV
ZHUH VLJQLILFDQWO\ KLJKHU LQ SDWLHQWV  WKDQ LQ FRQWURO
JURXS  DQG WKH\ZHUH DVVRFLDWHGZLWK LQFUHDVHG ULVN RI
EUHDVW FDQFHU LQFLGHQFH 25  &,  Ï‡  
 3   PRUHRYHU WKHUH ZDV VLJQLILFDQW FRUUHODWLRQ
EHWZHHQ GLVWDQWPHWDVWDVLV 25   &,  Ï‡  
 S   DQG ,OH 9DO SRO\PRUSKLVP9DO DOOHOHZDV
VLJQLILFDQWO\ KLJKHU LQ GXFW FDUFLQRPD DV FRPSDUHG WR RWKHU
KLVWRSDWKRORJLFDO W\SHV 3   EXW QR VLJQLILFDQW
FRUUHODWLRQZLWK RWKHU FULWHULD RU SURWHLQ H[SUHVVLRQ+HU ,OH





















&RORUHFWDO FDQFHU &5& LV XQIRUWXQDWHO\ DQ DOO WRR FRPPRQ
OHWKDO GLVHDVH DQG LV DPDMRU KHDOWK FRQFHUQ WKDW DIIHFWVPHQ
DQG ZRPHQ HTXDOO\ DQG VKRZLQJ LQFUHDVH LQ LQFLGHQFH UDWHV
UHFHQWO\ 6SRUDGLF FRORUHFWDO FDQFHU &5& LV D FRPSOH[
GLVHDVH UHVXOWLQJ IURP FRPSOH[ LQWHUDFWLRQ EHWZHHQ
HQYLURQPHQW DQG JHQHWLF IDFWRUV *HQHWLF SRO\PRUSKLVPV LQ
JHQHV UHVSRQVLEOH IRU WKH PHWDEROLVP RI HQYLURQPHQWDO
FDUFLQRJHQV DQG WKRVH LQYROYHG LQ '1$ GDPDJH UHSDLU DQG




EHFDXVHRI WKHLUFULWLFDO UROH LQPDLQWDLQLQJJHQRPH LQWHJULW\
(YHQWKRXJKSRO\PRUSKLVPVLQVHYHUDO'1$UHSDLUJHQHVKDYH
EHHQLGHQWLILHGWKHULVNRIWKHVH613VLQGHYHORSPHQWRI&5&
KDV QRW \HW EHHQ FODULILHG +HQFH D FDVH FRQWURO VWXG\ ZDV
GHVLJQHGWRDGGUHVVWKLVLVVXH$LP,QWKLVFDVHFRQWUROVWXG\
ZHKDYH LQYHVWLJDWHGZKHWKHU DQ\RI WKH WZRSRO\PRUSKLVPV
$!*DQG7!$ LQ WKH0/+JHQHDQGFRGRQ
SRO\PRUSKLVP RI 3 JHQH FRQWULEXWH WR FRORUHFWDO FDQFHU
VXVFHSWLELOLW\E\HYDOXDWLQJWKHDVVRFLDWLRQEHWZHHQHDFK613
DQG FRORUHFWDO FDQFHU ULVN LQ 0DOD\VLDQ SDWLHQWV  :H
FRQGXFWHG WKLV FDVH FRQWURO VWXG\ LQFOXGLQJ  0DOD\VLDQ





RI WKHVH SRO\PRUSKLVPV ZHUH SHUIRUPHG XVLQJ SRO\PHUDVH
FKDLQ UHDFWLRQ UHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRUSKLVP
3&55)/3 WHFKQLTXH  *HQRW\SHV ZHUH FDWHJRUL]HG LQWR
KRPR]\JRXVZLOGW\SHKHWHUR]\JRXVDQGKRPR]\JRXVYDULDQW
3 FRGRQ  SRO\PRUSKLVP VKRZHG KRPR]\JRXV ZLOGW\SH
KHWHUR]\JRXVDQGKRPR]\JRXVYDULDQWJHQRW\SHVDPRQJFDVHV
DQG FRQWUROV EXW ZLWK VWDWLVWLFDOO\ LQVLJQLILFDQW GLIIHUHQFH
S! LQ WKH JHQRW\SH IUHTXHQFLHV DPRQJ FDVHV DQG
FRQWUROV :LWK UHJDUG WR K0/+ SRO\PRUSKLVPV WKH
SRO\PRUSKLVPV$!*DQG7!$ZHUHGLVWULEXWHGDV
KRPR]\JRXV ZLOG W\SH DQG KHWHUR]\JRXV JHQRW\SHV RQO\
DPRQJ FDVHV DQG FRQWUROV LQGLFDWLQJ WKH UDUH IUHTXHQF\ RI
KRPR]\JRXV YDULDQW JHQRW\SHV LQ 0DOD\VLDQ SRSXODWLRQ 2Q
HYDOXDWLQJWKHULVNDVVRFLDWLRQWKH3FRGRQKRPR]\JRXV
YDULDQW KHWHUR]\JRXV JHQRW\SHV $!* DQG  7!$ RI
K0/+ VKRZHG KLJKHU VXVFHSWLELOLW\ ULVN ZLWK25  
 DQG  UHVSHFWLYHO\ EXW ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQW2XUUHVXOWVVKRZLQJODFNRIVLJQLILFDQWDVVRFLDWLRQ
ZLWK &5& VXVFHSWLELOLW\ ULVN FRXOG EH DWWULEXWHG WR VPDOO
VDPSOHV VL]H LQWHUDFWLRQ RI RWKHU SRO\PRUSKLF '1$ UHSDLU
















7KH &7 PXWDWLRQ LQ WKH PHWK\OHQHWHWUDK\GURIRODWH
UHGXFWDVH 07+)5 JHQH LV DVVRFLDWHGZLWK UHGXFHG HQ]\PH
DFWLYLW\ DQG D VLJQLILFDQW LQFUHDVH LQ VHUXP +RPRF\VWHLQH
+F\ FRQFHQWUDWLRQV 07+)5 &7 SRO\PRUSKLVP ZDV
OLNHO\WRSOD\DQLPSRUWDQWUROHLQWKHVXVFHSWLELOLW\WR26&&
,QWKLVFDVHFRQWUROVWXG\ZHH[DPLQHGWKHUROHRIRQHRIWKH
PRVW IUHTXHQWO\ VWXGLHG 07+)5 &7 SRO\PRUSKLVP DW
FRGRQ  LQ WKH HWLRORJ\ RI RUDO VTXDPRXV FHOO FDUFLQRPD
26&&DQGWKHLULPSDFWRQKRPRF\VWHLQHLQWKHVRXWK,QGLDQ
SRSXODWLRQ :H JHQRW\SHG  26&& SDWLHQWV DQG 
FRQWUROV XVLQJ D 3&55)/3 PHWKRG 7KH VHUXP WRWDO
+RPRF\VWHLQH OHYHOV ZHUH TXDQWLWDWLYHO\ GHWHFWHG E\ XVLQJ
FRPPHUFLDO (Q]\PH LPPXQRDVVD\ (,$ NLWV IURP $[LV
VKLHG'LDJQRVWLFV/WG8.*HQRW\SHIUHTXHQFLHVRI07+)5
&& &7 DQG 77 ZHUH   DQG  LQ WKH RUDO FDQFHU
SDWLHQWV DQG   DQG  LQ WKH FRQWUROV UHVSHFWLYHO\
7KHIUHTXHQF\RI&777DOOHOHLQ07+)5ZDVVLJQLILFDQWO\
KLJKHU LQ 26&& SDWLHQWV  WKDQ LQ KHDOWK\ FRQWUROV
 VXJJHVWLQJ WKDW LQGLYLGXDO DOOHOHV ZHUH DVVRFLDWHG S
YDOXH  ZLWK 26&& 7KH PHDQ VHUXP W+F\ OHYHOV
0PRO/  ZHUH VOLJKW KLJKHU LQ &7 JHQRW\SH SDWLHQWV
 WKDQ FRQWUROV  ZKHUH DV WKH PHDQ
VHUXPW+F\ OHYHOV 0PRO/!ZDVKLJKHU LQFDVHV LQDOO
WKUHH &&  &7  DQG 77
 JHQRW\SHV ZKHQ FRPSDUHG && 
&7  DQG 77  ZLWK FRQWUROV 7KH UHVXOWV RI WKH
SUHVHQWVWXG\LQGLFDWHWKDW WKHSRO\PRUSKLVPVLQWKH07+)5
&7 JHQRW\SH WKDW DUH UHSRUWHG WRPRGXODWH KRPRF\VWHLQH
















7KH PXWDWLRQ ODQGVFDSH RI FDQFHU LV NQRZQ WR HYROYH DV
GLIIHUHQW PHWDVWDVHV GHYHORS  $V WKH FDQFHU VSUHDGV FHUWDLQ
PXWDWLRQV DUH VHOHFWHG IRU DQG JHQH H[SUHVVLRQ FKDQJHV DUH




GDWD JHQHUDWHG XVLQJ GHHSVHTXHQFLQJ WR HYDOXDWH WKH FORQDO
UHODWLRQVKLSVDPRQJSULPDU\DQGPHWDVWDWLFFDQFHUVWRXQFRYHU
WKH QDWXUDO KLVWRU\ RI RYDULDQ FDQFHU SURJUHVVLRQ 8VLQJ WKLV
DSSURDFK ZH KDYH GRFXPHQWHG QXPHURXV 6LQJOH 1XFOHRWLGH
3RO\PRUSKLVPV 613 FKDQJHV LQFOXGLQJ FKDQJHV LQ 613






















LQ GHYHORSHG DV ZHOO DV GHYHORSLQJ FRXQWULHV SURJUHVVHV
WKURXJKDVHULHVRIZHOOGHILQHGVWHSVLQFOXGLQJHDUO\DQGODWH
DGHQRPDV LQYDVLYH FDQFHU DQG HYHQWXDOO\PHWDVWDWLF OHVLRQV
'HVSLWH VLJQLILFDQW DPRXQW RI GDWD JHQHUDWHG UHJDUGLQJ
JHQRPLF HYHQWV DQG DVVRFLDWHG JHQHWLF LQVWDELOLW\ WKDW
DFFRPSDQ\ YDULRXV VWDJHV RI WXPRULJHQLF SURFHVV VWLOO WKHUH
UHPDLQ VLJQLILFDQW JDSV $ EHWWHU XQGHUVWDQGLQJ RI WKH
PROHFXODU HYHQWV XQGHUO\LQJ YDULRXV VWDJHV RI FRORUHFWDO
FDUFLQRJHQHVLV ZLOO KHOS LQ GHWHFWLRQ DQG SUHYHQWLRQ RI
SUHPDOLJQDQW OHVLRQV 5HFHQWO\ KLJK WKURXJKSXW JHQRPLF
WHFKQRORJLHVKDYHEHFRPH LQFUHDVLQJO\XVHIXO LQGHILQLQJ WKH
JHQRPLFHYHQWV WKDWRFFXUGXULQJYDULRXVVWDJHVRIFRORUHFWDO
FDUFLQRJHQHVLV :H XVHG RQH VXFK WRRO  JHQRPHZLGH 613
PLFURDUUD\ WR LQYHVWLJDWH WKH ZKROH JHQRPLF DOWHUDWLRQV LQ
WXPRURXV WLVVXHV RI0DOD\VLDQ VSRUDGLF &5& SDWLHQWV XVLQJ
$II\PHWUL[ 613 PLFURDUUD\ (LJKWHHQ KLVWRSDWKRORJLFDOO\
FRQILUPHG VSRUDGLF &5& FDVHV PRGHUDWHO\ GLIIHUHQWLDWHG
WXPRU DQG  PXFLQRXV WXPRU WLVVXHV ZHUH LQFOXGHG LQ WKLV
DQDO\VLV'1$ZDVH[WUDFWHGIURPPDWFKHGWXPRUDQGQRUPDO
WLVVXHVDQGQJ'1$IURPHDFKVDPSOHZDVDVVD\HGRQWKH
$II\PHWUL[ *HQH&KLS +XPDQ 0DSSLQJ . 1VS, DUUD\V
DFFRUGLQJ WR WKH PDQXIDFWXUHU
V SURWRFRO 7KH DUUD\V ZHUH
ZDVKHG DQG VWDLQHG XVLQJ )OXLGLFV 6WDWLRQ  DQG VFDQQHG
ZLWK*HQH&KLS6FDQQHU5DZGDWDJHQHUDWHGZLWK*&26
ZHUH LPSRUWHG LQWR *7&  DQG &1$*  VRIWZDUH IRU
SDLUHG DQDO\VLV RI FRS\ QXPEHU DQG ORVV RI KHWHUR]\JRVLW\
&RS\QXPEHU&1DOWHUDWLRQVLQYROYLQJERWKJDLQVDQGORVVHV
ZHUH WKH PRVW IUHTXHQW JHQRPLF DOWHUDWLRQV REVHUYHG &1




WXPRU VDPSOHV LQFRQVLGHUDWH RI WXPRU VWDJH )UHTXHQF\ RI
FKURPRVRPH T JDLQ ZDV IRXQG WR EH KLJKHU WKDQ S
DIIHFWLQJRIWKHWXPRUVDPSOHV,QIDFWVHYHUDORQFRJHQHV






GLVRP\ 83' HVSHFLDOO\ LQYROYLQJ FKURPRVRPH  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T S S DQG &1/2+ZKLFK LV WKH UHVXOW RI FRS\
ORVV /2+ IROORZHG E\ WKH GXSOLFDWLRQ RI UHPDLQLQJ
FKURPRVRPDO VHJPHQW KDV QRZ EHHQ UHFRJQL]HG DV D
QRQUDQGRP FRQWULEXWLQJ IDFWRU WR WKH GHYHORSPHQW RI FDQFHU
WKDW ZHQW SUHYLRXVO\ XQUHFRJQL]HG EHFDXVH 83' NDU\RW\SH
DQGJHQRW\SHDSSHDUVQRUPDOZKHQH[DPLQHGE\FRQYHQWLRQDO
F\WRJHQHWLF DQDO\VLV ),6+RU D&*+7KH IDFW WKDW&1/2+
DOVRFDQEHGHWHFWHGXVLQJ613DUUD\VPDNHV613DUUD\PRUH
DGYDQWDJHRXV FRPSDUHG WR D&*+ :LWK 613 DUUD\ LW LV
SRVVLEOH WKDW PDQ\ QHZ FKURPRVRPDO UHJLRQV ZKLFK KDUERU
SRWHQWLDO RQFRJHQHV DQG WXPRU VXSSUHVVRU JHQHV DQG ZKLFK
KLWKHUWRKDVJRQHXQQRWLFHG FDQEH LGHQWLILHG7KLVZLOOJLYH
DGGLWLRQDO LQIRUPDWLRQ RQ WKH PHFKDQLVPV RI JHQRPLF














$ERXW  PLOOLRQ SHRSOH DUH H[SRVHG WR DUVHQLF WKURXJK
GULQNLQJZDWHU LQ:HVW%HQJDO ,QGLD$UVHQLF FRQWDPLQDWLRQ
LQGULQNLQJZDWHULVDPDMRUFRQFHUQGXHWRLWVDVVRFLDWLRQZLWK
PXOWLSOH FDQFHU ULVN 'HWDLOHG HSLGHPLRORJLFDO VXUYH\ DQG
JHQHWLF VWXG\ ZHUH FRQGXFWHG LQ DUVHQLF H[SRVHG SRSXODWLRQ
IURP WKUHH GLIIHUHQW GLVWULFWV LQ :HVW %HQJDO LH 1RUWK 
SDUJDQDV1DGLDDQG0XUVKLGDEDG1RZZHKDYHIRFXVHGIRU
D SHUVSHFWLYH VWXG\ WR ORRN DW WKH VWDWXV RI KHDOWK HIIHFWV DV
ZHOODVF\WRJHQHWLFGDPDJHOHYHODIWHUDJDSRIIRXU\HDUV,W
KDV EHHQ REVHUYHG WKDW PHDQ DUVHQLF FRQFHQWUDWLRQ LQ XULQH
ZDV VLJQLILFDQWO\ UHGXFHG LQ WKLV IRXU \HDUV JDS ZKLFK
LQGLFDWHV WKDW WKH\ DUH XVLQJ UHODWLYHO\ OHVV DUVHQLF
FRQWDPLQDWHG ZDWHU &RUURERUDWLYH ZLWK WKLV GDWD ZH KDYH
IRXQGVLJQLILFDQWRYHUDOOLPSURYHPHQWLQDUVHQLFLQGXFHGVNLQ
OHVLRQV DQG DOVR UHGXFHG F\WRJHQHWLF GDPDJH VWXGLHG LQ
O\PSKRF\WH +RZHYHU UHVSLUDWRU\ WURXEOHV SHULSKHUDO
QHXURSDWK\DQGH\HSUREOHPVZHUHHQKDQFHGLQWKHLQGLYLGXDOV
ZKHQFRPSDUHGZLWKHDUOLHUUHVXOWV7KHUHIRUHLWFDQEHVWDWHG
WKDW DOWKRXJK DUVHQLF FRQWHQW ZDV UHGXFHG DQG VNLQ OHVLRQV















0LFUR51$ PL51$ RSHQV XS D QHZ ILHOG IRU PROHFXODU
GLDJQRVLV RI FDQFHU 5HFHQW ILQGLQJV WKDW KXPDQ VHUXP DQG
SODVPD FRQWDLQV VWDEO\ H[SUHVVHGPLFUR51$V PL51$KDYH
UHYHDOHG D JUHDW SRWHQWLDO RI FLUFXODWLQJPL51$ VLJQDWXUH DV
GLVHDVH ILQJHUSULQWV WRSUHGLFW VXUYLYDO1HYHUWKHOHVV WKH UROH
RI FLUFXODWLQJPL51$V LQ SODVPDVHUXPRI FDQFHU SDWLHQWV LV
QRW FOHDU 7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH ZKHWKHU
VHUXP PL51$V H[SUHVVLRQ SURILOH FKDQJH DIWHU VXUJLFDO
UHVHFWLRQRIFRORUHFWDOSULPDU\WXPRU$QGLQYHVWLJDWHLIWKHVH
FKDQJHV LQ VHUXPPL51$ SURILOH FDQ EH XVHG DV SURJQRVWLF
ELRPDUNHUV 8VLQJ TXDQWLWDWLYH UHDOWLPH SRO\PHUDVH FKDLQ
UHDFWLRQ 573&5 ZH PHDVXUHG WKH H[SUHVVLRQ OHYHOV RI 
KXPDQPL51$VPL5DD D DQG LQ
SDLUHGSUHDQGSRVWRSHUDWLYHVHUXPVDPSOHVIURPSDWLHQWV
ZLWK FRPSOHWH VXUJLFDO UHVHFWLRQ RI FRORUHFWDO QHRSODVLD
3UHOLPLQDU\ DQDO\VLV LQ  SDWLHQWV VKRZHG WKDW DOO PL51$V
ZHUH VWDEOH DQG GHWHFWDEOH LQ SUH DQG SRVWVXUJHU\ VHUXP
VDPSOHV $PRQJ DOO WKH SDWLHQWV LQ WHUPV RI QRUPDOL]HG &W
YDOXHV QR VLJQLILFDQW GLIIHUHQFHV ZHUH REVHUYHG ZKHQ
FRPSDUHG ERWK JURXSV SRVWRSHUDWLYH YHUVXV SUHRSHUDWLYH
1HYHUWKHOHVV WKH LQGLYLGXDO DQDO\VLV RI SDLUHG SUH DQG SRVW
RSHUDWLYHV VHUXPVDPSOHV LQGLFDWH WKDW VHUXPPL51$V OHYHOV
FKDQJHG DIWHU VXUJLFDO UHVHFWLRQ RI FRORUHFWDO QHRSODVLD 7KH
LQFUHDVHG RU GHFUHDVHG H[SUHVVLRQ RI WKHVH PL51$V GLGQ
W
FRUUHODWH ZLWK WXPRU VWDJH RU FOLQLFDO SURJQRVLV KRZHYHU
VHHPVWREHDVVRFLDWHGZLWKWKHSUR[LPDORUGLVWDOORFDOL]DWLRQ
RI WKH WXPRU LQ WKHFRORQ7KHFXUUHQWDQDO\VLV LQD VHWRI
PRUHSDWLHQWVDQGKHDOWK\LQGLYLGXDOVZRXOGDOORZXVWRYHULI\
WKHVH SUHOLPLQDU\ UHVXOWV 2XU ILQGLQJV LQGLFDWH WKDW VHUXP





















7KH WUDGLWLRQDO VWDJLQJ V\VWHP LV FXUUHQWO\ LQDGHTXDWH IRU
LGHQWLI\LQJ WKRVH SDWLHQWV ZLWK FRORUHFWDO FDUFLQRPD &5&
ZKRFDUU\DKLJKULVNIRUSRRURXWFRPH5HFHQWVWXGLHVVXJJHVW
WKDW PHWK\ODWLRQ SURILOLQJ DQG DEHUUDWLRQV LQ FHOO F\FOH
FKHFNSRLQW FRQWUROOHUV DUH D FRPPRQ IHDWXUH LQ KXPDQ
PDOLJQDQFLHVDQGSUHGLFWSURJQRVLVLQGHSHQGHQWRIVWDJH7KLV
VWXG\ FRUUHODWHG WKHPHWK\ODWRU SKHQRW\SH RI&,03  SDQHO
JHQHVH[WUDJHQHVDQGWZRFHOOF\FOHUHJXODWRUVSDQG
S SURWHLQ H[SUHVVLRQ ZLWK PROHFXODU FOLQLFDO DQG
SDWKRORJLFDO YDULDEOHV LQ&5&SDWLHQWV WR DVVHVV WKHLU UROH DV
SURJQRVWLF ELRPDUNHUV $ VHULHV RI  &5& SDWLHQWV ZHUH
DQDO\]HG IRU &,03 E\0HWK\/LJKW D TXDQWLWDWLYH 7DT0DQ
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EDVHG UHDOWLPH 3&5 DVVD\ IRUPHDVXULQJ'1$PHWK\ODWLRQ
SURILOHV DQG S DQG S H[SUHVVLRQ LQ WKHLU WXPRUV XVLQJ
LPPXQRKLVWRFKHPLVWU\ 5(68/76 )RUW\VL[ SHUFHQW RI
WXPRUVVKRZHGSRVLWLYHQXFOHDUSH[SUHVVLRQZKHUHDV
RI FDVHV ZHUH FRPSOHWHO\ SQHJDWLYH 7KHUH ZHUH QR
VLJQLILFDQW FRUUHODWLRQV EHWZHHQ S DQG S H[SUHVVLRQ DQG
JHQGHU DJH O\PSK QRGH LQYROYHPHQW VWDJH DQG JUDGH
+RZHYHU SRVLWLYH PHWK\ODWRU SKHQRW\SH &,03 YH
VLJQLILFDQWO\ FRUUHODWHV ZLWK WKH WXPRU ORFDWLRQ S DQG
S EXW QRW S H[SUHVVLRQ UHYHDOHG KLJKO\ VLJQLILFDQW
FRUUHODWLRQ ZLWK WXPRU ORFDWLRQ S GHSWK RI LQYDVLRQ
S DQG O\PSKRYDVFXODU LQYDVLRQ S 7XPRUV
ZLWKKLJKSH[SUHVVLRQVKRZHGDKLJKHUUHFXUUHQFHUDWHWKDQ
WXPRUVZLWKQRH[SUHVVLRQS,Q.DSODQ0HLHUVXUYLYDO
DQDO\VLV WKHUH ZDV D VLJQLILFDQW S  GLIIHUHQFH LQ
GLVHDVH IUHH VXUYLYDO ')6 EHWZHHQ SSRVLWLYH DQG S
QHJDWLYH WXPRUV LQ IDYRU RI WKH ODWWHU S GLG QRW VKRZ DQ\
SUHGLFWLYH YDOXH RI ')6 S 1HLWKHU S QRU S GLG
SUHGLFW '66 LQ .DSODQ0HLHU DQDO\VLV EXW '66 WLPH ZDV
PXFK VKRUWHU IRU SSRVLWLYH WXPRUV ,Q PXOWLYDULDWH &R[
PRGHOSORVWLWVYDOXHDVLQGHSHQGHQWSUHGLFWRURI')6DQG
QRQH RI WKH FRYDULDWHV ZHUH LQGHSHQGHQW SUHGLFWRUV RI '66
0HWK\ODWLRQSURILOHRI&,03SDQHOJHQHVDQGSH[SUHVVLRQ
VHHPV WREHPRUHSRZHUIXO WKDQS H[SUHVVLRQ LQSURYLGLQJ
XVHIXO SURJQRVWLF LQIRUPDWLRQ LQ &5& SDUWLFXODUO\ LQ
SUHGLFWLQJWKHSDWLHQWVDWKLJKULVNIRUUHFXUUHQWGLVHDVH/DUJHU
FRKRUW DQG ORQJHU IROORZXSDUHQHHGHG WR IXOO\HOXFLGDWH WKH



















7HORPHUDVH LV DQ HQ]\PH WKDW FDWDO\]HV WKH DGGLWLRQ RI
77$*** UHSHDWV WR WKH HQG RI FKURPRVRPHV XVLQJ LWV
LQWULQVLF51$FRPSRQHQWDVWHPSODWH,WPD\EHQHFHVVDU\IRU
FRQWLQXRXV FHOO SUROLIHUDWLRQ ,WV DFWLYLW\ ZDV VKRZQ WR EH
H[SUHVVHG LQ PRVW SHUPDQHQW FHOO OLQHV DQG WXPRUV 7KLV
HQ]\PHWKDWVWDELOL]HVWHORPHUHOHQJWKLVUHDFWLYDWHGLQPRVWRI
WKHFDQFHUW\SHV,QWKLVVWXG\WKHRUDOULQVHZDVXVHGEHFDXVH
LW LV D QRQLQYDVLYHPHWKRG RI FROOHFWLQJ VDPSOH LQ DGGLWLRQ
WKHSUHYLRXVVWXG\VKRZHG WKDW WHORPHUDVHDFWLYLW\ZDVHDVLO\
GHWHFWHGE\ERG\IOXLGVXFKDVXULQH2UDOFDQFHULVDVXEW\SH
RI KHDG DQG QHFN FDQFHU 7KHUH DUH VHYHUDO W\SHV RI RUDO
FDQFHUV EXW DURXQG  DUH RUDO VTXDPRXV FHOO FDUFLQRPD
7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH IHDVLELOLW\
GHWHFWLRQ RI WHORPHUDVH DFWLYLW\ OHYHO LQ RUDO ULQVH IURP RUDO
VTXDPRXV FHOO FDUFLQRPD SDWLHQWV E\ XVLQJ D QRQUDGLRDFWLYH
WHORPHUDVH3&5(/,6$PHWKRG)RUW\RUDOULQVHVDPSOHVZHUH
FROOHFWHG IURP  SUH DQG RUDO VTXDPRXV FHOO FDUFLQRPD
SDWLHQWVDQGVDPSOHVZHUHQRUPDOVXEMHFWV$OOWKHSDWLHQWV
DQG QRUPDO VXEMHFWV YLJRURXVO\ VZLVKHG RI QRUPDO VDOLQH LQ
WKHLU PRXWK DQG VSLWWHG LQWR D IDOFRQ WXEH 2UDO ULQVH ZDV
FHQWULIXJHGDQGSHOOHWHGFHOOZDVZDVKHGZLWK7(WULV('7$




DQG SXULW\ RI H[WUDFWHG SURWHLQ ZDV DQDO\]HG E\ 1DQR'URS
6SHFWURSKRWRPHWHU$ UDWLRRI$$ZDV FDOFXODWHG IRU
SURWHLQSXULW\7KHH[WUDFWHGSURWHLQVZLWKWKHSXULW\LQUDQJH
RI  WR  2' ZHUH VHOHFWHG IRU 75$3 3&5 DVVD\ 7KH
SURWHLQ ZDV DPSOLILHG ZLWK 376 DQG 3 SULPHU 7KH
7HORPHUDVH DFWLYLW\ OHYHO ZDV FRQILUPHG E\ QRQUDGLRDFWLYH
SKRWRPHWULF HQ]\PH LPPXQRDVVD\ (/,6$ XVLQJ PLFURSODWH
UHDGHU DQG WKH DEVRUEDQFH YDOXH DWZDYHOHQJWK  QPZHUH
PHDVXUHGIRUHDFKVDPSOH7KHQPZDYHOHQJWKZDVXVHG
DV UHIHUHQFH 7HVW DEVRUEDQFH YDOXHV ZHUH UHSRUWHG DV WKH
$QPUHDGLQJEODQNDJDLQVWZLWK UHIHUHQFHZDYHOHQJWKRI
$ QP )LQDOO\ VWDWLVWLFDO DQDO\VLV ZDV GRQH XVLQJ 7WHVW
YHUVLRQ 6366  ,W ZDV GHWHFWHG SRVLWLYHO\ WHORPHUDVH
DFWLYLW\LQRISUHFDQFHUDQGRUDOFDQFHUSDWLHQWV
ZLWK RUDO VTXDPRXV FHOO FDUFLQRPD ZKLOH LW ZDV SRVLWLYH
WHORPHUDVH DFWLYLW\ LQ   RI QRUPDO VXEMHFWV WKH
VWDWLVWLFDO GLIIHUHQFHZDV VLJQLILFDQWZLWK3 7KH VWXG\
VKRZHG WKDW 3&5(/,6$PHWKRG SURYLGHV D KLJKO\ VHQVLWLYH
QRQUDGLRDFWLYH SKRWRPHWULF HQ]\PH LPPXQRDVVD\ GHWHFWLRQ
WHFKQLTXH RI WHORPHUDVH DFWLYLW\ )XUWKHU WKLV VWXG\ LQGLFDWHV






















XQFRYHU WKH GLVHDVH HWLRORJ\ DQG SURYLGH XOWLPDWH WKHUDS\
&RQYHQWLRQDO JHQRPLF WHFKQLTXHVKDYHSURYHG LQVXIILFLHQW WR
GHDOZLWKWKHPXOWLJHQRPLFFRPSOH[GLVHDVHVVXFKDVFDQFHU
,Q RUGHU WR XQGHUVWDQG WXPRU ELRORJ\ D WUDQVGLVFLSOLQDU\
DSSURDFK LV QHHGHG WR VWXG\ LWV JHQHWLFV PHWDERORPLFV
SURWHRPLFV FHOOFHOO LQWHUDFWLRQV WLVVXH PRUSKRORJ\
DQJLRJHQHVLVDQGPHWDVWDVLV$PXOWLPRGDODQDO\VLVSURYLGHVD
ZHDOWKRILQIRUPDWLRQDERXWFDQFHUSUROLIHUDWLRQDQGJURZWK,W
KROGV D JUHDW SRWHQWLDO WR LQYHVWLJDWH PDQ\ DVSHFWV RI
FDUFLQRJHQHVLV DW D WLPH ,Q D MRLQW SURMHFW RI $02/) 7KH
1HWKHUODQGVDQG-+886$ZHFRPELQHGWKHDGYDQWDJHVRI
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LQ YLYR DQG H[ YLYR LPDJLQJ WHFKQLTXHV DQG PDVV
VSHFWURPHWULFDQDO\VLVRIJHQRPLFH[SUHVVLRQRIKXPDQEUHDVW
FDQFHU FHOO OLQHV 2XU UHVHDUFK IRFXV LV WR ILQG WKH XQFRYHU
PHFKDQLVPV RI QRYHO K\SR[LDGULYHQ VLJQDOLQJ SDWKZD\V
ZKLFK SOD\ D PDMRU UROH LQ WXPRU DQJLRJHQHVLV PHWDVWDVLV
UDGLR DQG GUXJUHVLVWDQFH %UHDVW WXPRU [HQRJUDIW PRGHOV
ZHUH JHQHWLFDOO\ HQJLQHHUHG WR H[SUHVV D UHG IOXRUHVFHQW




,Q DGGLWLRQ WR 06 DQDO\VLV YDULRXV LQ YLYR DQG H[ YLYR
LPDJLQJWHFKQLTXHVOLNH056,;HQRJHQDQG06,ZHUHXVHG
WR ORFDOL]H YDULRXV ELRPROHFXOHV VXFK DV VPDOO PHWDEROLWHV
OLSLGVDQGSURWHLQVGLUHFWO\IURPWKHWLVVXHVHFWLRQV$OOWKHVH
GDWD FRPELQHG WRJHWKHUZLWKP51$H[SUHVVLRQ DQDO\VLVZLOO
H[SDQGRXUXQGHUVWDQGLQJRIPROHFXODUSURFHVVHVRFFXUULQJLQ




















%UHDVWFDQFHU LV WKHPRVWFRPPRQFDQFHU LQZRPHQ LQ
ZRPHQ ZRUOGZLGH LV DIIHFWHG E\ EUHDVW FDQFHU GXULQJ WKHLU
OLIHWLPH ,Q  LW ZDV WKHPRVW FRPPRQ FDQFHU LQ IHPDOH
DQGFRQVWLWXWHGRIDOOIHPDOHFDQFHUSDWLHQWVLQ
:HVWHUQ/LE\D,QWRRIEUHDVWFDQFHUFDVHVWKHGLVHDVH
UHVXOWV IURP D KHUHGLWDU\ SUHGLVSRVLWLRQ ZKLFK FDQ EH WR D
ODUJH H[WHQW EH DWWULEXWHG WR PXWDWLRQV LQ HLWKHU RI WKH WZR
WXPRU VXSSUHVVRU JHQHV %5&$ DQG %5&$ %5&$
GHO7PXWDWLRQFRQVWLWXWHWKHPRVWIUHTXHQWPXWDQWDOOHOHV
SUHGLVSRVLQJ WR KHUHGLWDU\ EUHDVW FDQFHU LQ WKH $VKNHQD]L
-HZLVKSRSXODWLRQZLWKUHSRUWHGFDUULHUIUHTXHQFLHVRI
+HUHZH LQYHVWLJDWHG WKHSUHVHQFHRI WKHGHO7PXWDWLRQ
RI WKH %5&$ JHQH LQ /LE\DQ EUHDVW FDQFHU ZRPHQ E\






V UHODWLYHV +HDOWK\ LQGLYLGXDOV:H REWDLQHG FOLQLFDO
LQIRUPDWLRQ IDPLO\ KLVWRU\ DQG SHULSKHUDO EORRG IRU '1$
H[WUDFWLRQ DQG DQDO\]HG XVLQJ PXWDJHQLF SRO\PHUDVH FKDLQ
UHDFWLRQ3&5IRUGHWHFWLRQRIGHO7PXWDWLRQLQ%5&$
JHQH 2XU UHVXOWV VKRZV WKDW 7KH GHO7 RI WKH %5&$
JHQHZDV QRW GHWHFWHG HLWKHU LQ WKH  SDWLHQWVZLWK EUHDVW
FDQFHU  ZLWK IDPLOLDO EUHDVW FDQFHU DQG  ZLWK VSRUDGLF
EUHDVWFDQFHUQRULQKHDOWK\LQGLYLGXDOV,QFRQFOXVLRQRXU
SUHVHQWVWXG\VKRZHGWKDWWKHGHO7RIWKH%5&$JHQHLV















&0\F SURWHLQ LV D WUDQVFULSWLRQ IDFWRU WKDW DFWLYDWHV
H[SUHVVLRQ RI D JUHDW QXPEHU RI JHQHV WKURXJK ELQGLQJ RQ




LQYROYHG LQ FHOO SUROLIHUDWLRQ DQG UHVXOWV LQ WKH IRUPDWLRQ RI
FDQFHU 7KH UDWLRQDOH RI WKH SUHVHQW VWXG\ZDV WR LQYHVWLJDWH
WKH F0\F P51$ H[SUHVVLRQ LQ SDWLHQWV ZLWK +&& DQG WR
DQDO\]H WKH UHODWLRQVKLS EHWZHHQ F0\F P51$
RYHUH[SUHVVLRQ ZLWK WKH GLIIHUHQW FOLQLFDO SDWKRORJLFDO DQG
KLVWRSDWKRORJLFDO FKDUDFWHULVWLFV RI +&& SDWLHQWV ZLWK YLUDO
DQGRU 6FKLVWRVRPD PDQVRQL LQIHFWLRQ 7KH VDPSOHV ZHUH
REWDLQHG IURP  SDWLHQWV ZLWK +&&  PDOHV DQG 
IHPDOHV 7KH FOLQLFDOSDWKRORJLFDO GDWD RI WKH SDWLHQWV ZHUH
GHWHUPLQHG LQFOXGLQJ DJH VH[ YLUDO LQIHFWLRQV 6FKLVWRVRPD
PDQVRQL LQIHFWLRQELRFKHPLFDO OLYHU IXQFWLRQ WHVWDQG$OSKD
)HWRSURWHLQ OHYHOV $OVR WKH OLYHU WLVVXH VDPSOHV ZHUH
VXEMHFWHG IRU KLVWRSDWKRORJLFDO FKDUDFWHUL]DWLRQ  7KH
H[SUHVVLRQRIF0\FP51$RYHUH[SUHVVLRQZDVGHWHUPLQHGLQ
EORRG VDPSOHV RI +&& SDWLHQWV XVLQJ UHDO WLPH 573&5
WHFKQLTXH7KHUHVXOWVUHYHDOHGWKDWF0\FP51$H[SUHVVLRQ
ZDVVLJQLILFDQWO\KLJKHU  LQ+&&SDWLHQWVSUHYLRXVO\ LQIHFWHG
ZLWK+&9DQGRU+%9WKDQQRQLQIHFWHGSDWLHQWVS
7KHLQIHFWLRQZLWK6PDQVRQL$)3OHYHOVDQGWXPRUVL]HZHUH
QRW FRUUHODWHG ZLWK WKH H[SUHVVLRQ F0\F P51$ LQ +&&
SDWLHQWV 3 !  7KH H[SUHVVLRQ RI F0\F P51$ ZDV
VLJQLILFDQWO\KLJKHULQWXPRUJUDGHHVSHFLDOO\LQJUDGHV,9DQG
,9 S   ,Q FRQFOXVLRQ +&9 DQG +%9 YLUXVHV PLJKW
SOD\ DQ LPSRUWDQW UROH LQ WUDQVDFWLYDWLRQ RI F0\F P51$
RQFRJHQHH[SUHVVLRQLQ+HSDWRFDUFLQRJHQHVLVF0\FRQFRJHQ

























7KHUH DUHPDQ\ ULVN IDFWRUV DVVRFLDWHGZLWK WKH GHYHORSPHQW
RI HVRSKDJHDO FDQFHU DQG LQFOXGLQJ WREDFFR VPRNLQJ DQG
DOFRKROFRQVXPSWLRQ7KHJHQHVWKDWHQFRGHHQ]\PHVLQYROYHG
LQ DOFRKRO PHWDEROLVP DOFRKRO GHK\GURJHQDVHV $'+ DQG
DOGHK\GHGHK\GURJHQDVHV$/'+DUHSRO\PRUSKLF,QVRPH
SRSXODWLRQVWKHKLJKDFWLYLW\LVRIRUPVRI$'+$'+DQG
$'+ DQG WKH ORZDFWLYLW\ IRUP RI$/'+ $/'+
KDYH EHHQ VKRZQ WR EH DVVRFLDWHG ZLWK DOFRKROUHODWHG
FDUFLQRJHQHVLV ,Q WKLV VWXG\ WKH FRQWULEXWLRQ RI WKLV
SRO\PRUSKLVPWRHVRSKDJHDOFDQFHUULVNKDVEHHQLQYHVWLJDWHG
LQ  6XGDQHVH SDWLHQWV ZLWK HVRSKDJHDO FDQFHU DQG 
XQUHODWHG KHDOWK\ FRQWUROV XVLQJ SRO\PHUDVH FKDLQ
UHDFWLRQUHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRUSKLVP DQDO\VLV
3&55)/35HVXOWV7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVLQ
WKH IUHTXHQF\ GLVWULEXWLRQ RI $'+ $'+ $'+
DQG$/'+DOOHOHVEHWZHHQHVRSKDJHDOFDQFHUSDWLHQWVDQG
KHDOWK\ FRQWUROV 7KH KRPR]\JRXV $/'+ JHQRW\SH
ZDVQRWREVHUYHGLQDQ\RIWKHVXEMHFWV LQ WKLVVWXG\$PRQJ
WKH FRQWUROV WKH SRO\PRUSKLF DOOHOHV LQ WKH DOFRKRO
PHWDEROL]LQJ JHQHV $'+ $'+ $'+ DQG
$/'+RFFXUUHGDWIUHTXHQFLHVRIDQG,Q
WKH 6XGDQHVH SRSXODWLRQ WKH NQRZQ YDULDQWV RI DOFRKRO

















DQG LV FKDUDFWHUL]HG E\ LWV FOLQLFDO KHWHURJHQHLW\ $W WKH
PROHFXODU OHYHO 1% LV UHIOHFWHG E\ FRS\ QXPEHU YDULDWLRQ
JDLQRUORVV6HYHUDOUHFXUUHQWPROHFXODUPDUNHUVDUHXVHGWR
HYDOXDWH WKH 1% SURJQRVWLF DV 0<&1 DPSOLILFDWLRQ S
GHOHWLRQTJDLQ+HUHZHSUHVHQWRXUFRPSDUDWLYHVWXGLHVRI
 1% SHGLDWULF WXPRU VDPSOHV FKDOOHQJLQJ REVWDFOHV DV
GLVHDVHKHWHURJHQHLW\DQGVDPSOHVTXDQWLW\DQGRUTXDOLW\:H
XVHG $II\PHWUL[ *HQRPH:LGH +XPDQ 613 6LQJOH
1XFOHRWLGH 3RO\PRUSKLVP $UUD\  SODWIRUP FRQWDLQLQJ
 QRQSRO\PRUSKLF SUREHV DQG  SRO\PRUSKLF
SUREHV IRU ZKROHJHQRPH VFDQQLQJ :H DOVR HVWDEOLVKHG D
QRYHOIOXRUHVFHQFHLQVLWXK\EULGL]DWLRQ),6+SDQHOWDUJHWLQJ
WKHSURJQRVWLFPROHFXODUPDUNHUVIRU1%,QWHUSKDVH),6+DQG
613 DUUD\V UHVXOWV ZHUH FRPSDUHG DQG FRUUHODWHG ZLWK WKH
SURJQRVLV 7KHUH ZDV D VWURQJ FRQFRUGDQFH EHWZHHQ ),6+
SDQHO DQG 613 DUUD\V 7KH 613 DUUD\V DOVR DOORZHG WKH
UHILQHPHQWRIWKHFKURPRVRPDODEQRUPDOLWLHVEUHDNSRLQWVDQG
WKH GHWHFWLRQ RI /2+ ZLWKRXW FRS\ QXPEHU YDULDWLRQ
)XUWKHUPRUH SUHOLPLQDU\ 613 DUUD\V UHVXOWV LQGLFDWH
FRUUHODWLRQEHWZHHQTDEQRUPDOLWLHVDQGFOLQLFDOIDFWRUVVXFK
DVWXPRUJUDGLQJDQGHYROXWLRQ$QDO\VLVRITDEQRUPDOLWLHV















ZDV FRQGXFWHG WR WHVWZKHWKHU JHUPOLQH YDULDWLRQVPRGXODWH
LQGLYLGXDOGLIIHUHQFHV LQFOLQLFDOVWDJH:HFRQGXFWHGDFDVH
RQO\ JHQRPHZLGH DVVRFLDWLRQ VWXG\ *:$6 XVLQJ D .
VLQJOHQXFOHRWLGHSRO\PRUSKLVP613DUUD\LQDILUVWVHULHVRI
 OXQJ DGHQRFDUFLQRPD $'&$ SDWLHQWV DQG LQ D
UHSOLFDWLRQ VHULHV RI  OXQJ $'&$ SDWLHQWV *:$6
LGHQWLILHGSXWDWLYHO\DVVRFLDWHG613V WKUHHRIZKLFKZHUH
FRQILUPHG LQ WKH UHSOLFDWLRQ VHULHV -RLQW DQDO\VLV RI WKH WZR
VHULHV SRLQWHG WR  VWDWLVWLFDOO\ DVVRFLDWHG 3  JHQHWLF
YDULDQWV WKDW WRJHWKHU H[SODLQHG a RI WKH SKHQRW\SLF
YDULDWLRQ LQ FOLQLFDO VWDJLQJ 3  [  DQG VKRZHG D
VWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHLQRYHUDOOVXUYLYDO3 [
 7KH VWURQJHVW VWDWLVWLFDO DVVRFLDWLRQ ZDV REVHUYHG DW
UV 3    [  ORFDWHG LQ WKH PHVHQFK\PH
KRPHRER[  0(2; JHQH 7KHVH GDWD SRLQW WR WKH UROH RI















5KDEGRP\RVDUFRPD 506 LV WKH PRVW FRPPRQ W\SH RI
SHGLDWULFVDUFRPDFODVVLILHGLQWZRVXEW\SHVHPEU\RQDO
(506 DQG DOYHRODU $506  $W OHDVW  RI WKH PRUH
DJJUHVVLYHVXEW\SH$506DUHFKDUDFWHUL]HGE\FKURPRVRPDO
WUDQVORFDWLRQV WTT DQG WST DQG WKH
DVVRFLDWHG 3$;)2;2 DQG 3$;)2;2 IXVLRQ JHQHV
UHVSHFWLYHO\ 7KH UHPDLQLQJRI$506IDLOHG WR H[KLELW
DQ\3$;V)2;2IXVLRQVWKDWFRXOGEHUHYHDOHGE\573&5
DW WKH WUDQVFULSW OHYHODQGRUE\PROHFXODUF\WRJHQHWLFVDW WKH
JHQRPLF OHYHO  :H LQYHVWLJDWH DQ DW\SLFDO $506 FDVH E\
FRPSDUDWLYHJHQRPLFK\EULGL]DWLRQ&*+DUUD\DQGLGHQWLILHG
D QRYHO UHDUUDQJHPHQW LQYROYLQJ )2;2 JHQH DW WKH
FKURPRVRPDO EDQG T%\573&5ZH GLG QRW GHWHFW
$506 FKDUDFWHULVWLF IXVLRQV 3$;)2;2 RU 3$;
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)2;2  ,QWHUSKDVLF IOXRUHVFHQFH LQ VLWX K\EULGL]DWLRQ
L),6+ ZLWK EUHDN DSDUW DQG IXVLRQ SUREHV FRQILUPHG WKH
DEVHQFH RI ERWK IXVLRQV EXW VKRZHG PXOWLSOH FRSLHV RI WKH
FHQWURPHULF SRUWLRQ RI D UHDUUDQJHG )2;2 JHQH VXJJHVWLQJ
DQ DPSOLILFDWLRQ RI D SXWDWLYH IXVLRQ JHQH LQ WKH IRUP RI
GRXEOH PLQXWHV FKURPRVRPHV RU HSLVRPHV  %\ &*+ DUUD\V
ZH GHWHFW WKH DPSOLILFDWLRQ RI 3$; RQ FKURPRVRPDO EDQG
SWKHFHQWRPHULFSRUWLRQRI)2;2DWTDQGPL5
kÖóPLFUR51$FOXVWHUDWT2XUUHVXOWVVXJJHVWD
FRPSOH[ UHDUUDQJHPHQW OHDGLQJ WR D QHJDWLYH PROHFXODU DQG
L),6+ UHVXOW ZLWK IXVLRQ SUREHV  7KLV LQYHVWLJDWLRQ FOHDUO\
GHPRQVWUDWHV WKH XWLOLW\ RI DUUD\ &*+ LQ GHWHFWLQJ $506
DVVRFLDWHG DPSOLFRQV DQG UHILQLQJ WKHLU ERXQGDULHV LQ WKH

















1HXUREODVWLF WXPRUVDUH WKHPRVW FRPPRQH[WUDFUDQLDO VROLG
QHRSODVPV LQ FKLOGKRRG7KH\ EHFDPH DQ RQFRJHQHWLFPRGHO
GXH WR WKH ZHDOWK RI JHQHWLF PDUNHUV ,Q IDFW 'LIIHUHQW
GXSOLFDWLRQV DQG ORVV RI KHWHUR]\JRVLW\ KDYH EHHQ UHSRUWHG
7KHVH JHQHWLF PDUNHUV DOORZHG SDWLHQWV FODVVLILFDWLRQ
SUHGLFWLRQ RI WKHLU FOLQLFDO FRXUVH SUHWUHDWPHQW ULVN
VWUDWLILFDWLRQ DQG QHZ VWUDWHJLHV IRU ULVNEDVHG WKHUDSLHV ,Q
WKLV VWXG\ ZH IRFXVHG RQ WKH DQDO\VLV RI D ODUJH SDQHO RI
JHQHWLF PDUNHUV LQ  QHXUREODVWRPD WXPRUV XVLQJ ERWK
FKURPRJHQLF LQ VLWX K\EULGL]DWLRQ &,6+ DQG PXOWLSOH[
OLJDWLRQ SUREH DPSOLILFDWLRQ 0/3$ 0/3$ PXOWLJHQRPLF
WHFKQLTXH SUHVHQWV DQ RYHUYLHZ RI JHQRPLF UHJLRQV ZKLOH
&,6+ JLYHV RQO\ 0<&1 DPSOLILFDWLRQ UDWH 2XU UHVXOWV
VKRZHG WKDW0/3$ UHVXOWV FRQVLGHULQJ0<&1 DPSOLILFDWLRQ
DUHYDOLGDWHGE\&,6+DQDO\VLV.QRZLQJ WKDW QHXUREODVWRPD
WKHUDSHXWLF VWUDWHJLHV DUH QRW RQO\ EDVHG RQ 0<&1
DPSOLILFDWLRQ &,6+ LV QRW VXIILFLHQW IRU WUHDWPHQW GHFLVLRQ
&RPELQHG WR &,6+ 0/3$ DQDO\VLV VHHPV PRUH HIILFLHQW













7KHUH DUH VHYHUDO DQDO\VLV PHWKRGV DYDLODEOH IRU PDVVLYHO\
SDUDOOHOVKRUW UHDG WUDQVFULSWRPHVHTXHQFLQJKRZHYHURQO\D
YHU\ OLPLWHG QXPEHU RI WRROV IRU D VLPXOWDQHRXV DQDO\VLV RI
H[SUHVVLRQ OHYHO VSOLFH YDULDQWV IXVLRQWUDQVFULSWV DQG
VRPDWLFPXWDWLRQV IURPZKROH WUDQVFULSWRPH GDWD HVSHFLDOO\
IRU WKH FRPSDULVRQ RI SDLUHG WXPRUQRUPDO WLVVXHV :H
GHYHORSHGDQLQWHJUDWHGSODWIRUPWRSHUIRUPDOOWKHVHDQDO\VHV
LQ RQH JR IURP SDLUHGHQG P51$VHTXHQFLQJ GDWD :H
DSSOLHGWKLVDSSURDFKWRVHYHUDOJDVWULFDQGOXQJFDQFHUWLVVXHV
ULFK LQ VWURPDO FRPSRQHQWV8VLQJ DERXW  WR0SDLUHG
HQGP51$UHDGVIURPFDQFHUDQGQRUPDOWLVVXHUHVSHFWLYHO\
ZH HYDOXDWHG EDVH PLVPDWFKHV DOLJQPHQWV WR GLIIHUHQW
WUDQVFULSWV IRU HDFK VHTXHQFH HQG DQG YDULDQW VSHFLILF
DOLJQPHQWV ,QWHJUDWLQJ FRPSDUDWLYH GDWD IURP SDLUHG
FDQFHUQRUPDO WLVVXHV DQG TXDQWLWDWLYH DVVHVVPHQW LW ZDV
SRVVLEOHWRUDQNWKHREVHUYHGYDULDQWVLQRUGHURIUHDGQXPEHU
DQGRUVWDWLVWLFDOVLJQLILFDQFH,QGHSHQGHQWWDUJHWHGYDOLGDWLRQ
XVLQJ 0DVV 6SHFWURPHWU\ DQG 5$&( VHTXHQFLQJ FRQILUPHG
WKH SUHVHQFH RI VRPDWLF PXWDWLRQV DOWHUQDWLYH VSOLFLQJ DQG
QRYHO IXVLRQ WUDQVFULSWV LQ WKHVH FDQFHU WLVVXHV 0DVV 6SHF
EDVHG DQDO\VLV RI WKH TXDQWLWDWLYH UHSUHVHQWDWLRQ RI SDUWLFXODU
PXWDWLRQVZLWKLQWLVVXHJHQRPLF'1$UHYHDOHGWKDWWKHDFWXDO
WXPRU FRQWHQW LQ YDULRXV VDPSOHV ZDV DV VPDOO DV 
7KHVHGDWDVKRZWKHDSSOLFDELOLW\RIWKLVGLVFRYHU\DSSURDFKLQ












7KH SDWKRJHQHVLV RI EUHDVW FDQFHU LQYROYHV D PXOWLWXGH RI
JHQHWLF DOWHUDWLRQV DIIHFWLQJ WKH UHJXODWLRQ RI FHOO JURZWK
VXUYLYDO LQYDVLRQ DQG PHWDVWDVLV 7R GLVFRYHU VXFK QRYHO
RQFRJHQHV ZH DQDO\]HG FRPSUHKHQVLYH JHQH H[SUHVVLRQ
SURILOHV RI EUHDVW WXPRUV IURP VHYHUDO EUHDVW FDQFHU SDWLHQW
FRKRUWV IRU FRUUHODWLRQV EHWZHHQ JHQH H[SUHVVLRQ DQG GLVWDQW
PHWDVWDVLVIUHHVXUYLYDO-XPRQML'RPDLQ&RQWDLQLQJ3URWHLQ
-0-'DKLVWRQHDUJLQLQHGHPHWK\ODVHZDVRQHRIWKHJHQHV
DVVRFLDWHG ZLWK SRRU VXUYLYDO LQ DOO FRKRUWV
,PPXQRKLVWRFKHPLFDODQDO\VLVRI-0-'LQWLVVXHPLFURDUUD\V
VXJJHVWHGWKDWLWVKLJKH[SUHVVLRQVLJQLILFDQWO\FRUUHODWHGZLWK
JUDGH DQG HVWURJHQ UHFHSWRU QHJDWLYLW\ ,Q DGGLWLRQ LWV RYHU
H[SUHVVLRQLQPXOWLSOHEUHDVWFDQFHUFHOOOLQHVOHGWRLQFUHDVHG
SUROLIHUDWLRQZKLOH LQ FRQWUDVW VL51$PHGLDWHG NQRFNGRZQ
VXSSUHVVHG FHOO GLYLVLRQ 0LFURDUUD\ DQDO\VLV RI JHQH





VHFUHWLRQ ZKHUHDV -0-' RYHUH[SUHVVLRQ UHGXFHG LW 6LQFH
7*) ȕ KDYH EHHQ LPSOLFDWHG LQ FHOO F\FOH DUUHVW LQ PDQ\
HSLWKHOLDO FHOOV ZH SURSRVH WKDW -0-' PD\ LQIOXHQFH FHOO
JURZWK SULPDULO\ YLD WKLV SDWKZD\ )XUWKHU VWXGLHV WR
XQGHUVWDQG WKH PROHFXODU UHODWLRQVKLS EHWZHHQ -0-' DQG
7*)ȕUHJXODWLRQDUHXQGHUZD\7KHVHUHVXOWVVXJJHVWWKDWWKH
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)$6 $* VLQJOH QXFOHRWLGH SRO\PRUSKLVP KDV EHHQ
GHPRQVWUDWHGWRDIIHFWWKHH[SUHVVLRQRI)$6JHQHE\DOWHULQJ
WKH WUDQVFULSWLRQDO DFWLYLW\ RI )$6 JHQH SURPRWHU
'RZQUHJXODWLRQ RI )$6 ZLWK UHVXOWDQW UHVLVWDQFH WR GHDWK
VLJQDOV KDV EHHQ IRXQG LQ PDQ\ FDQFHUV  :H FDUULHG RXW D
SRSXODWLRQEDVHG FDVHFRQWURO VWXG\ WR LQYHVWLJDWH WKH
ELRORJLFDO VLJQLILFDQFH RI WKLV SRO\PRUSKLVP LQ EUHDVW
FDUFLQRPD )$6 $* SRO\PRUSKLVP ZDV H[DPLQHG LQ D
7XQLVLDQSRSXODWLRQRISDWLHQWZLWKEUHDVWFDQFHUDQG
FRQWUROVXEMHFWVXVLQJWKHSRO\PHUDVHFKDLQUHDFWLRQUHVWULFWLRQ
IUDJPHQW OHQJWK SRO\PRUSKLVP 3&55)/3 WHFKQLTXH
+RPR]\JRXV )$6 ** JHQRW\SH DQG )$6 * DOOHOH
VKRZHG VLJQLILFDQW DVVRFLDWLRQVZLWK LQFUHDVLQJ ULVNRI EUHDVW
FDUFLQRPD  25    3    25    3   
UHVSHFWLYHO\ ,Q DGGLWLRQ )$6$* JHQRW\SH VKRZHG DQ
LQFUHDVLQJLQFLGHQFHRIGLVWDQWPHWDVWDVLVEXWWKLVILQGLQJGLG




   3    ,Q FRQFOXVLRQ RXU GDWD VXJJHVW WKDW WKH

















0L5V LV D FOXVWHU RI SRO\FLVWURQLF PLFUR51$V WKDW DUH
SULPDULO\ H[SUHVVHG LQ HPEU\RQLF VWHP (6 FHOOV0L5V
SURPRWHULVIXQFWLRQDOGXULQJHPEU\RQLFGHYHORSPHQWEXWLWLV
WXUQHG RII ODWHU LQ WKH GHYHORSPHQW ,QGHHG LW KDV EHHQ
UHYHDOHG WKDW (6DVVRFLDWHG WUDQVFULSWLRQ IDFWRUV QDPHO\
1DQRJ2FW6R[DQG5H[KDYHSXWDWLYHELQGLQJVLWHVRQ
WKHPL5VFRUHSURPRWHU UHJLRQ$GGLWLRQDOO\ LWKDVEHHQ
REVHUYHG WKDW WKH SOXULSRWHQF\DVVRFLDWHG JHQHV DUH XS
UHJXODWHGHFWRSLFDOO\LQWXPRUVDPSOHVDQGFHOOOLQHV:KHWKHU
WKHXSVWUHDPUHJXODWRUVRIPL5VJHQHDUHWUDQVFULEHGDQG
WUDQVODWHG LQ FDQFHU FHOOV PL5 SURPRWHU VKRXOG EHFRPH
DFWLYDWHG LQ WKH FHOOV DV ZHOO +HUH ZH WULHG WR H[SDQG RXU
NQRZOHGJH DERXW WKH H[SUHVVLRQ SDWWHUQ DQG IXQFWLRQDOLW\ RI
PL5V E\ HYDOXDWLQJ LWV H[SUHVVLRQ SDWWHUQ LQ D VHULHV RI
WXPRU FHOO OLQHV E\PHDQV RI UHDOWLPH3&5)XUWKHUPRUH WR
DVVHVV WKH IXQFWLRQDOLW\ RI PL5 LQ FDQFHU DQG VWHP FHOO




DVVD\ 7DNHQ WRJHWKHU RXU GDWD RSHQV XS QHZ DYHQXHV WR
IXUWKHU LQYHVWLJDWH RQ FDQFHU JHQH WKHUDS\ EDVHG RQ VXLFLGH
LQGXFLQJJHQHVUHJXODWHGE\DVSHFLILFSURPRWHUVXFKDVPL5
V 0RUHRYHU FRQILUPLQJ WKH H[SUHVVLRQ RI (6VSHFLILF
PROHFXODUQHWZRUNLQFDQFHUFHOOVZRXOGKHOSXVLQGHYHORSLQJ


























0\HORSUROLIHUDWLYH QHRSODVPV 031 DUH FORQDO GLVRUGHUV RI
WKH KHPDWRSRLHWLF OLQHDJH 7KHUH DUH WKUHH W\SHV RI 031
SRO\F\WKHPLDYHUD39HVVHQWLDOWKURPERF\WKHPLD(7DQG
SULPDU\ P\HORILEURVLV 30) 7KH VRPDWLF PXWDWLRQ -$.
9) LV SUHVHQW LQ KHPDWRSRLHWLF FHOOV RI PDQ\ 031
SDWLHQWV ,Q D SUHYLRXV JHQRPHZLGH VWXG\ ZH DQG RWKHUV
LGHQWLILHG DQ DOOHOH DW WKH -$. ORFXV UV WKDW
SUHGLVSRVHV WR WKH GHYHORSPHQW RI -$. 9)SRVLWLYH
031 :H DOVR IRXQG WKDW -$. 9) LV SUHIHUHQWLDOO\
DFTXLUHGLQFLVZLWKWKHSUHGLVSRVLWLRQDOOHOH* 7KLVOHGWR
VHYHUDO SRVVLEOH K\SRWKHVHV LQFOXGLQJ KDSORW\SHVSHFLILF
YDULDWLRQ LQ D UHJXODWRU\PRWLI JHQRW\SHVSHFLILF VSOLFLQJ RU
DQ LQFUHDVHG PXWDWLRQ UDWH DW WKLV ORFXV 7R XQGHUVWDQG WKH
KDSORW\SHVSHFLILFDFTXLVLWLRQRIVRPDWLFPXWDWLRQZHFDUULHG
RXW WDUJHWHG VHTXHQFLQJRI.%KDSORW\SHEORFNKDUERULQJ
-$. XVLQJ QH[W JHQHUDWLRQ VHTXHQFLQJ WHFKQRORJ\
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5DLQ'DQFH DQG 62/L' VHTXHQFLQJ :H FRPSDUHG 031
FDVHV WKDW DUH KRPR]\JRXV IRU ULVN DOOHOH **031 FDVHV
ZLWK WKH RQHV WKDW DUH KRPR]\JRXV IRUZLOG W\SH DOOHOH &&
031 FDVHV :H IRXQG WKDW WKHUH LV QR H[FHVV RI VLQJOH
QXFOHRWLGH YDULDQWV LQ WKH -$. ORFXV LQ **031 FDVHV
FRPSDUHG WR &&031 FDVHV XVLQJ DQFHVWUDO VHTXHQFH DV
UHIHUHQFH +RZHYHU ZH IXUWKHU H[SORUHG WKH H[LVWHQFH RI
VHOHFWLRQSUHVVXUH DW -$.XVLQJ+DS0DSSKDVH ,,, GDWD DQG
GHWHFWHGDQH[FHVVRIGHULYHGDOOHOHVDW-$.ZKHQFRPSDUHG
WRDQFHVWUDO UHSHDWV 7R LGHQWLI\ WKHIXQFWLRQDOYDULDQWV WKDW
UHVXOWV LQ KDSORW\SHVSHFLILF PXWDWLRQ DFTXLVLWLRQ LQ 031
FDVHVZHDUHDQDO\]LQJVHTXHQFHVSHFLILFGLIIHUHQFHVVXFKDV
PRWLI UHJXODWRU\ HOHPHQWV EHWZHHQ WKHVH WZR JURXSV RI






















&RORUHFWDO FDQFHU &5& WKH LQFLGHQFH RI ZKLFK KDV EHHQ
LQFUHDVLQJ ZRUOGZLGH IRU WKH SDVW IHZ \HDUV UHSUHVHQWV D
VLJQLILFDQWFDXVHRIPRUELGLW\DQGPRUWDOLW\(YHQWKRXJKWKH
PHFKDQLVP RI &5& GHYHORSPHQW LV VWLOO XQNQRZQ ERWK
HQYLURQPHQWDOIDFWRUVDQGJHQHWLFVXVFHSWLELOLW\DUHEHOLHYHGWR
FRQWULEXWH WR WKH RQVHW RI &5& 5HFHQWO\ FKURQLF
LQIODPPDWLRQKDVEHHQOLQNHGWRLQFUHDVHGULVNWRYDULRXVW\SHV
RIFDQFHUV LQFOXGLQJ&5& ,I LQIODPPDWLRQFRQVWLWXWHVRQHRI




FDQGLGDWHV DV JHQHWLF GHWHUPLQDQWV RI &5& ULVN 7XPRU
1HFURVLV )DFWRU DOSKD 71)Į ,QWHUOHXNLQ ,/ DQG
,QWHUFHOOXODU $GKHVLRQ 0ROHFXOH  ,&$0 DUH JHQHV
LQYROYHGLQPHGLDWLQJLQIODPPDWRU\UHVSRQVH3RO\PRUSKLVPV
KDYH EHHQ LGHQWLILHG LQ WKHVH JHQHV 6R D FDVH FRQWURO VWXG\
ZDVGHVLJQHGWR LQYHVWLJDWH WKH71)Į*!$,/
7!$ DQG ,&$0.( SRO\PRUSKLF JHQRW\SH IUHTXHQFLHV
LQKHDOWK\FRQWUROVDQG&5&SDWLHQWVLQ0DOD\VLDQSRSXODWLRQ
DQG WRGHWHUPLQH WKH LQIOXHQFHRI WKHSRO\PRUSKLFJHQRW\SHV
RQ VSRUDGLF &5& VXVFHSWLELOLW\ ULVN 6XEMHFWV ZHUH UHFUXLWHG
IURP+RVSLWDO8QLYHUVLW\6DLQV0DOD\VLD +860 DQG RWKHU
JRYHUQPHQW KRVSLWDOV XQGHU0LQLVWU\ RI+HDOWK0DOD\VLD ,Q
WKLV FDVH FRQWURO VWXG\ ZH LQFOXGHG  KLVWRSDWKRORJLFDOO\
FRQILUPHG&5& SDWLHQWV PDOHV  IHPDOHV  \HDUV
DQGKHDOWK\QRUPDOFRQWUROVPDOHVIHPDOHV
\HDUV 3HULSKHUDO EORRG VDPSOHV RI VWXG\ VXEMHFWV ZHUH
FROOHFWHG JHQRPLF '1$ H[WUDFWHG DQG DPSOLILHG XVLQJ
DSSURSULDWH SULPHUV DQG JHQRW\SHG HPSOR\LQJ 3&55)/3
IROORZHG E\ VHTXHQFLQJ *HQRW\SHV ZHUH FDWHJRUL]HG LQWR
KRPR]\JRXV ZLOGW\SH KHWHUR]\JRXV DQG KRPR]\JRXV
YDULDQWV 7KH VWUHQJWK RI DVVRFLDWLRQ EHWZHHQ SRO\PRUSKLF
JHQRW\SHV DQG FRORUHFWDO FDQFHU VXVFHSWLELOLW\ ULVN ZDV
DVVHVVHGE\2GG5DWLR25ZLWKFRUUHVSRQGLQJ&,2Q
FRPSDULQJ WKH IUHTXHQFLHVRI71)Į *!$JHQRW\SHVRI
SDWLHQWV DQG FRQWUROV WKH KRPR]\JRXV YDULDQW $$ ZDV
VLJQLILFDQWO\ KLJKHU LQ &5& SDWLHQWV 3  FRPSDUHG WR
FRQWUROV)RU ,/ 7!$ WKH IUHTXHQFLHVRIKRPR]\JRXV
YDULDQW  $$ ZDV VLJQLILFDQWO\ KLJKHU LQ &5& SDWLHQWV
FRPSDUHG WR FRQWUROV ZLWK 3 YDOXH RI  +RZHYHU IRU
,&$0 .( WKH JHQRW\SH IUHTXHQFLHV ZHUH QRW
VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ FDVHV DQG FRQWUROV 2Q
LQYHVWLJDWLQJ WKH DVVRFLDWLRQ RI WKH YDULDQW JHQRW\SHV ZLWK
VXVFHSWLELOLW\ ULVN WKH KRPR]\JRXV YDULDQW RI 71)Į 
*!$ ZLWK 25  DQG WKH KHWHUR]\JRXV DQG
KRPR]\JRXVYDULDQWVRI,/7!$ZLWK25RIDQG
UHVSHFWLYHO\ HPHUJHG DV KLJK ULVN JHQRW\SHV +RZHYHU
,&$0 .( VKRZHG QR &5& ULVN DVVRFLDWLRQ :KHQ
DQDO\]HG LQ FRPELQDWLRQ WKH KRPR]\JRXV YDULDQW JHQRW\SHV
71)Į  $$ ,/ $$ VKRZHG UHPDUNDEO\ KLJKHU
&5&VXVFHSWLELOLW\ULVNZLWK25&,
3 7KHVHUHVXOWVVXJJHVWWKDWJHQHWLFSRO\PRUSKLVPVRI
LQIODPPDWLRQ UHVSRQVH JHQH ,/7$DQG71)Į *!
$ DUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK VXVFHSWLELOLW\ ULVN LQ
0DOD\VLDQ&5&SDWLHQWVDQGFRXOGEHFRQVLGHUHGDVDSRWHQWLDO
SUHGLVSRVLWLRQ ULVN IDFWRUV IRU &5& LQ0DOD\VLDQ SRSXODWLRQ





















&\FORR[\JHQDVH &2; LV LQYROYHG LQ FDUFLQRJHQHVLV
LPPXQH UHVSRQVH VXSSUHVVLRQ DSRSWRVLV LQKLELWLRQ
DQJLRJHQHVLVDQGWXPRUFHOOLQYDVLRQDQGPHWDVWDVLV7KHJHQH
IRU&2;GHVLJQDWHGDV37*6FDUULHVDFRPPRQIXQFWLRQDO
SRO\PRUSKLVP DW SRVLWLRQ  LQ WKH µ WUDQVFULSWLRQQDO
UHJXODWRU\ UHJLRQ ZKLFK KDV EHHQ DVVRFLDWHG ZLWK
VXVFHSWLELOLW\ WR PDOLJQDQW GLVHDVH ,Q WKH FXUUHQW VWXG\ ZH
LQYHVWLJDWHG WKH VXVFHSWLELOLW\ DQG SURJQRVWLF LPSOLFDWLRQV RI
WKHJHQHWLFYDULDWLRQ LQ37*6LQEUHDVWFDUFLQRPD:HXVHG
WKH5)/33&5WRFKDUDFWHUL]HWKHYDULDWLRQRI37*6IRU
XQUHODWHG 7XQLVLDQ SDWLHQWV ZLWK EUHDVW FDUFLQRPD DQG 
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KHDOWK\ FRQWURO VXEMHFWV 7R HVWLPDWH WKH UHODWLYH ULVNV2GGV
UDWLRV DQG  FRQILGHQFH LQWHUYDOV ZHUH FDOFXODWHG XVLQJ
XQFRQGLWLRQDOORJLVWLFUHJUHVVLRQDIWHUDGMXVWLQJIRUWKHNQRZQ
ULVN IDFWRUV IRU EUHDVW FDQFHU $VVRFLDWLRQV RI WKH JHQHWLF
PDUNHU ZLWK WKH UDWHV RI EUHDVW FDUFLQRPDVSHFLILF RYHUDOO
VXUYLYDO DQG GLVHDVHIUHH VXUYLYDO ZHUH DVVHVVHG XVLQJ
XQLYDULDWH DQG PXOWLYDULDWH DQDO\VHV $ KLJKO\ VLJQLILFDQW
DVVRFLDWLRQZDVIRXQGEHWZHHQWKHKRPR]\JRXV37*6





WKH 37*6  & DOOHOH VKRZHG D VLJQLILFDQW DVVRFLDWLRQ
ZLWKDGHFUHDVHGRYHUDOOVXUYLYDOORJUDQNWHVW3 DQG
GLVHDVHIUHH VXUYLYDO ORJ UDQN WHVW 3    LQ EUHDVW
FDUFLQRPD SDWLHQWV 2XU UHVXOWV LQGLFDWHG WKDW WKH
SRO\PRUSKLVPV LQ 37*6 JHQH LV DVVRFLDWHG ZLWK LQFUHDVHG
EUHDVWFDQFHUULVNDVZHOODVGLVHDVHSURJUHVVVXSSRUWLQJRXU


















7KH REMHFWLYH RI WKH JHQHWLF VXUYH\ RQ WK\URLG OHVLRQV LV WR
HVWLPDWH WKH SUHYDOHQFH RI JHQHPXWDWLRQV LQ %5$) LQ QRQ
FDQFHURXVDQGFDQFHURXVWK\URLGOHVLRQVDULVLQJLQWKH:HVWHUQ
6DXGL $UDELDQ UHJLRQ 0XWDWLRQDO VFUHHQ ZDV SHUIRUPHG RQ
IRUPDOLQIL[HGSDUDIILQHPEHGGHG DV ZHOO DV IUHVKIUR]HQ
VSHFLPHQV GHULYHG IURP WKH 3DWKRORJ\ 'HSDUWPHQWV RI WKH
.LQJ $EGXOD]L] 8QLYHUVLW\ -HGGDK DQG WKH .LQJ )DLVDO
6SHFLDOLVW+RVSLWDO	5HVHDUFK&HQWHU-HGGDK,QFOXGHGLQWKH
VFUHHQZHUHQRGXODUJRLWHUV+DVKLPRWRµVWK\URLGLWLVIROOLFXODU
DGHQRPDV K\SHUSODVWLF OHVLRQV IROOLFXODU WK\URLG FDUFLQRPD
)7& +XUWKOH FHOO FDUFLQRPD SDSLOODU\ WK\URLG FDUFLQRPD
37& DQG IROOLFXODU YDULDQW 37& 37&)9 37&37&)9
PLFURFDUFLQRPDV WXPRU VL]H   FP ZHUH H[FOXGHG IURP
DQDO\VLV 3ULPHUV IODQNLQJ WKH PXWDWLRQDO KRWVSRW UHJLRQ RI
%5$)H[RQZHUHXVHGIRU3&5RQJHQRPLF'1$1HVWHG
SULPHUV ZHUH XVHG IRU VHTXHQFH UHDFWLRQV DQG SXULILHG
VHTXHQFLQJSURGXFWVZHUHUHVROYHGE\FDSLOODU\HOHFWURSKRUHVLV
RQ DQ $%, 35,60  6HTXHQFHU  :H LGHQWLILHG %5$)
PXWDWLRQVLQRQHRIIROOLFXODUDGHQRPDVRQHRIHLJKW)7&
RI37&DQGRI37&)90RVWRI
WKH FDVHV VKRZHG WKH FRPPRQ SRLQW PXWDWLRQ LQ FRGRQ 
OHDGLQJ WR VXEVWLWXWLRQ RI YDOLQH E\ JOXWDPLF DFLG 9(
)RXU FDVHV KDG D SRLQW PXWDWLRQ LQ FRGRQ  OHDGLQJ WR





 FDVHV K\SHUSODVWLF OHVLRQ  RI  FDVHV DQG+XUWKOH FHOO
FDUFLQRPDRIFDVHV3DWLHQWVZLWK37&DQGQR%5$)LQ
WKH WXPRU ZHUH RQ DYHUDJH \RXQJHU WKDQ WKRVH ZLWK %5$)
PXWDWLRQ LQ WKH WXPRU  \HDUV YV  \HDUV S   
/\PSKQRGHLQYROYHPHQWLQ37&ZDVUHYHDOHGLQRIWKH
WXPRUV  RI  FDVHV H[DPLQHG KRZHYHU O\PSK QRGH
LQYROYHPHQWZDVLQGHSHQGHQWRI WKH%5$)PXWDWLRQDOVWDWXV
7KLV VXUYH\ SURYLGHV WKH ILUVW RYHUYLHZ RI WKH SUHYDOHQFH RI
%5$) PXWDWLRQV LQ QRQFDQFHURXV DQG FDQFHURXV WK\URLG
OHVLRQV DULVLQJ LQ WKH :HVWHUQ 6DXGL $UDELDQ UHJLRQ %5$)
PXWDWLRQV ZHUH PRVW DEXQGDQW LQ 37& DQG 37&)9 WKDW
FRUUHODWHV ZLWK VLPLODU VWXGLHV SHUIRUPHG LQ RWKHU FRXQWULHV



















3URVWDWH FDQFHU LV D FRPSOH[ GLVRUGHU UHVXOWLQJ IURP WKH
FRPELQHG HIIHFWV RI PXOWLSOH HQYLURQPHQWDO DQG JHQHWLF
IDFWRUV2XUSUHYLRXVVLQJOHORFXVDQDO\VLVVKRZHGWKDW9(*)
DQG+63KRPSRO\PRUSKLVPVZHUHVLJQLILFDQWO\DVVRFLDWHG
ZLWK SURVWDWH FDQFHU VXVFHSWLELOLW\ DQG SURJQRVLV%RWK JHQHV
HQFRGLQJ WKHVH SURWHLQV ZHUH ORFDWHG RQ FKURPRVRPH S
DQG FRPELQLQJ WKH QHLJKERULQJ 613V LQWR KDSORW\SHV PD\
LQFUHDVH WKH DVVRFLDWLRQ ZLWK WKH GLVHDVH 7KUHH WDJJLQJ
SRO\PRUSKLVPV WKH +63KRP  7& WKH 9(*)
*$ DQG WKH 9(*) *& 613V ZHUH JHQRW\SHG LQ 
FDVHVDQGFRQWUROV)RUWKHFRPELQHGDQDO\VLVRI9(*)DQG
+63KRPZH IRXQGDSRVLWLYHJUDGLHQW LQ WKH25V UHODWHG
WRWKHQXPEHURIKLJKULVNJHQRW\SHVZLWKDIROGLQFUHDVH
RISURVWDWHFDUFLQRPDULVN25 3 )XUWKHUPRUH
7KH 7$* DQG &$* KDSORW\SHV DW SRVLWLRQV +63KRP
9(*)DQG9(*)H[KLELWHGDWZRIROG25 
3 DQGDVHYHQIROG25 3 UHGXFWLRQ
LQSURVWDWHFDQFHUULVNUHVSHFWLYHO\5HJDUGLQJSURVWDWHFDQFHU
SURJQRVLVWKH7$*KDSORW\SHKDGDQHJDWLYHDVVRFLDWLRQZLWK



















,Q ,QGLDRUDO FDQFHU LV WKHPRVW FRPPRQFDQFHU DPRQJPHQ
DQG UDQNV WKLUG DPRQJ ZRPHQ 1RUWKHDVWHUQ VWDWHV LQ ,QGLD
KDYH UHSRUWHG D YHU\ KLJK SUHYDOHQFH RI DHURGLJHVWLYH WUDFW
FDQFHUV ZKHQ FRPSDUHG ZLWK RWKHU UHJLRQV RI ,QGLD ,Q WKLV
UHJLRQ WKHUH LV ZLGHVSUHDG FKHZLQJ KDELW RI WREDFFR ZLWK
SHFXOLDU IHUPHQWHG EHWHO QXW 7KH TXDQWLWDWLYH DEVRUSWLRQ
GLVWULEXWLRQ PHWDEROLVP DQG H[FUHWLRQ RI FDUFLQRJHQLF
WREDFFR FRQVWLWXHQWV GHSHQGRQ WKH DFWLYLW\ DQG HIILFLHQF\RI
PHWDEROLFDQGHQ]\PDWLFGHWR[LILFDWLRQSDWKZD\V0RVWRIWKH
FDUFLQRJHQLFFKHPLFDOVDUHFRQYHUWHG WR UHDFWLYHHOHFWURSKLOLF
PHWDEROLWHV E\ WKH F\WRFKURPH 3 &<3 VXSHUIDPLO\ RI
SKDVH,HQ]\PHV6XEVHTXHQWO\WKHSKDVH,,HQ]\PHVGHWR[LI\
WKHVH LQWHUPHGLDWHV E\ FRQMXJDWLRQ UHDFWLRQV 6RPH RI WKH
PDMRUSKDVH,,HQ]\PHVDUHJOXWDWKLRQH6WUDQVIHUDVHV*67V
1DFHW\OHWUDQVIHUDVHV 1$7 DQG 1$'3+TXLQRQH
R[LGRUHGXFWDVH 142$V WKHSRSXODWLRQXQGHUVWXG\KDV
XQLTXH EHWHO TXLG DQG WREDFFR FRQVXPSWLRQ KDELWV ZH
K\SRWKHVL]HG WKDW SRO\PRUSKLVPV RI JHQHV UHVSRQVLEOH IRU
GHWR[LILFDWLRQ RI [HQRELRWLFV PD\ EH DVVRFLDWHG ZLWK ULVN RI
RUDOFDQFHU7KHSUHVHQWFDVHFRQWUROVWXG\ZDVSHUIRUPHGRQ
 KLVWRSDWKRORJLFDOO\ GLDJQRVHG RUDO VTXDPRXV FHOO
FDUFLQRPDFDVHVDQGKHDOWK\FRQWUROVFROOHFWHGGXULQJWKH
SHULRGRI'HFHPEHUWR$OOLQFLGHQWFDVHVZLOOLQJWR
SDUWLFLSDWH LQ WKH VWXG\ZHUH UHFUXLWHG IURP WKH FROODERUDWLQJ
FHQWHUV LQ 1RUWKHDVW ,QGLD 7KH DVVRFLDWLRQ EHWZHHQ
SRO\PRUSKLVPV LQ WKUHH JHQHV >&<3$ 0VS DQG 1FR





DVZHOO DV VPRNLQJZHUH IRXQG WR EH VLJQLILFDQWO\ DVVRFLDWHG
ZLWK LQFUHDVHG ULVN RI RUDO FDQFHU 25   &, 
 S  DQG 25   &,  S 





GLIIHUHQFH ZDV QRW VWDWLVWLFDOO\ VLJQLILFDQW )UHTXHQFLHV RI
YDULDQW JHQRW\SHV RI &<3$ $ &<3$ & DQG 1$7
ZHUH IRXQG WREHKLJKHU LQRUDOFDQFHUFDVHVZKHQFRPSDUHG
ZLWK FRQWUROV EXW WKLV GLIIHUHQFH ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQW )UHTXHQF\ GLVWULEXWLRQ RI 142 JHQRW\SHV
3UR3UR 3UR6HU DQG 6HU6HUZDV   DQG  LQ
FDVHV DQG   DQG  LQ FRQWUROV UHVSHFWLYHO\
7KH GLIIHUHQFH EHWZHHQ FDVHV DQG FRQWUROV ZDV VLJQLILFDQWO\
KLJKHU IRU ERWK RI WKH YDULDQW JHQRW\SHV 3UR6HU 25 
 &,  S  DV ZHOO DV IRU KRPR]\JRXV
YDULDQWV 25   &,  S  7REDFFR
FKHZLQJ DQG VPRNLQJ EXW QRW EHWHO TXLG FKHZLQJ RU DOFRKRO





















$XWR]\JRVLW\ LV D WHUP XVHG WR GHQRWH WKH SUHVHQFH RI WZR
LGHQWLFDO KDSORW\SHV WKDW DUHGHULYHG IURPDQ DQFHVWRU VKDUHG
E\ ERWK SDUHQWV VR LW HVVHQWLDOO\ UHSUHVHQWV D VSHFLDO W\SH RI
KRPR]\JRVLW\5XQVRIKRPR]\JRVLW\52+LQWKHJHQRPHLV
D PHDVXUH RI WKH H[WHQW RI DXWR]\JRVLW\ DQG LV GLUHFWO\
FRUUHODWHG ZLWK WKH H[WHQW RI LQEUHHGLQJ :KLOH WKH UROH RI
52+ LQ XQPDVNLQJ UHFHVVLYHO\ DFWLQJ PXWDWLRQV LV ZHOO
HVWDEOLVKHG LQ0HQGHOLDQJHQHWLFVPXFK OHVV LV NQRZQDERXW
WKHLU FRQWULEXWLRQ WRPRUH FRPSOH[ GLVRUGHUV VXFK DV FDQFHU
5HFHQWO\ LW KDV EHHQ VXJJHVWHG WKDW 52+PD\ FRQWULEXWH WR
WKH ULVN RI FRORUHFWDO FDQFHU &5& SHUKDSV WKURXJK WKH
XQPDVNLQJ RI D UHFHVVLYHO\ DFWLQJ &5&SUHGLVSRVLQJ
PXWDWLRQV LQ RQH RU PRUH JHQHV +RZHYHU WKLV REVHUYDWLRQ
FRXOGQRWEHUHSOLFDWHG ,Q WKLVVWXG\ZHH[DPLQH WKHUROHRI
KRPR]\JRVLW\ LQ WKH &5& ULVN E\ DVNLQJ IRXU VSHFLILF
TXHVWLRQV)LUVWGR&5&SDWLHQWVKDYHHQULFKPHQWIRU52+LQ
SDUWLFXODUFKURPRVRPDOUHJLRQVFRPSDUHGWRFRQWUROV"6HFRQG
GR &5& SDWLHQWV KDYH ORQJHU 52+ FRPSDUHG WR FRQWUROV"
7KLUG LV WKHUH D SDUWLFXODU 613 WKDW LV PRUH OLNHO\ WR EH
KRPR]\JRXV LQ &5& SDWLHQWV FRPSDUHG WR FRQWUROV" $QG
IRXUWK DUH &5& SDWLHQWV PRUH LQEUHG WKDQ FRQWUROV" %\
FRPSDULQJ 6DXGL&5&SDWLHQWV WR  HWKQLFDOO\PDWFKHG





SUHYLRXVO\ UHSRUWHG LQ WKH OLWHUDWXUH :H DOVR QRWH WKDW RXU
VXEJURXS DQDO\VLV RI SDWLHQWV ZLWK 06,SRVLWLYH WXPRUV
FRPSDUHG WR RWKHU JURXSV GLG QRW VLJQLILFDQWO\ FKDQJH RXU
UHVXOWV :KLOH WKHVH UHVXOWV GR QRW UXOH RXW WKH SRWHQWLDO
SUHVHQFH RI UHFHVVLYHO\ DFWLQJ &5&SUHGLVSRVLQJ JHQHV LQ D
VPDOO SHUFHQWDJH RI SDWLHQWV WKDW RXU UHODWLYHO\ VPDOO VDPSOH
VL]H FRXOG QRW FDSWXUH WKH\ GR VXJJHVW WKDW VXFK JHQHV DUH
XQOLNHO\WRDFFRXQWIRUWKHGLVWXUELQJO\KLJKLQFLGHQFHRI&5&




















DQG IXQFWLRQ DQG '1$ FRS\ QXPEHU DOWHUDWLRQV SOD\ D NH\
UROH LQ WKHVH SURFHVVHV 7KHUH DUH ZLGHVSUHDG FRS\ QXPEHU
YDULDWLRQV LQ WKH JHQRPH RI KHDOWK\ KXPDQ LQGLYLGXDOV DQG
QXPHURXV YDULDWLRQV KDYH EHHQ DVVRFLDWHGZLWK VXVFHSWLELOLW\
RUUHVLVWDQFHWRGLVHDVHV,QFDQFHUJHQHVGHWULPHQWDOWRWXPRU
JURZWKHJWXPRUVXSSUHVVRUJHQHVDUHOLNHO\WREHFRQWDLQHG
LQ UHJLRQV RI GHFUHDVHG '1$ FRS\ QXPEHU ZKLOH JHQHV
LPSRUWDQW IRU WXPRUJURZWKRUGHYHORSPHQW HJRQFRJHQHV
DUH OLNHO\ WR EH FRQWDLQHG LQ UHJLRQV RI LQFUHDVHG'1$FRS\
QXPEHU&KURQLFO\PSKRF\WLFOHXNHPLD&//LVDPDOLJQDQF\
RI%O\PSKRF\WHVRIXQNQRZQHWLRORJ\ZLWKDYDULDEOHFOLQLFDO
FRXUVH 3URJQRVWLF PDUNHUV VWUDWLI\ SDWLHQWV LQWR JURXSV ZLWK
JRRG DQG SRRUULVN GLVHDVH DFFRUGLQJ WR WKH JHQRPLF
FRPSOH[LW\PXWDWLRQDOVWDWXVRILPPXQRJOREXOLQKHDY\FKDLQ




FXUUHQWO\ GHWHFWHG XVLQJ &//VSHFLILF ),6+ SDQHO DUH
GHOHWLRQV RI TT LQFOXGLQJ WKH$70JHQH WULVRP\
DQGGHOHWLRQVRIWKH73WXPRUVXSSUHVVRUJHQHDWS
7R LPSURYH JHQHWLF FKDUDFWHUL]DWLRQ RI &// FHOOV ZH
SHUIRUPHG KLJKUHVROXWLRQ JHQH FRS\ QXPEHU DQDO\VLV RI 
&//SDWLHQWVXVLQJROLJRQXFOHRWLGHDUUD\FRPSDUDWLYHJHQRPLF
K\EULGL]DWLRQ +XPDQ *HQRPH &*+ 0LFURDUUD\ [.
$JLOHQW),6+GDWDZHUHDYDLODEOHIRUDOOVDPSOHV,QDOO&//
VDPSOHV ZH IRXQG DW OHDVW RQH DOWHUDWLRQ FRPSDUHG WR
UHIHUHQFHG VHTXHQFHV $GGLWLRQDO DEHUUDWLRQV QRW GHWHFWHG E\
),6+ZHUHIRXQGLQWKHPDMRULW\RIVDPSOHV&RPSOH[
JHQRPLFFKDQJHV DQGPRUHDEQRUPDOLWLHV FRPSDUHG WR WKH
UHIHUHQFH VHTXHQFHZHUH SUHVHQW LQ  VDPSOHV'HOHWLRQ
RI T ZDV REVHUYHG LQ  RI SDWLHQWV  DQG WKH
PLQLPDOGHOHWHGUHJLRQFRQWDLQHGPL5DDQGPL52QH
0E ORVV LQ WKH ,*+ ORFXV T ZDV IRXQG LQ 
SDWLHQWV UHIOHFWLQJ9'- UHFRPELQDWLRQ HYHQWV ,QWHUHVWLQJO\
 0E LQWHUVWLWLDO ORVV LQ WKH TT UHJLRQ ZDV
LGHQWLILHG LQ  SDWLHQWV EHVLGH RWKHU DOWHUDWLRQV %RWK RI
WKHP KDYH WKH VDPH EUHDN SRLQW DW WKH WHORPHULF VLGH 7KH
SUHVHQFHRIJHQRPLFDOWHUDWLRQVFRXOGLQIOXHQFHWKHSURJQRVLV
RI&//SDWLHQWVDQG WKHUDS\RSWLRQDQGQRZDGD\VEHORQJV WR
WKH HVVHQWLDO GLDJQRVWLF WRRO LQ OHXNHPLD SDWLHQWV :KROH
JHQRPH&*+PLFURDUUD\VDUHH[SDQGLQJ WKHNQRZQJHQRPLF
UHJLRQV RI LPSRUWDQFH LQ &// DQG DOORZ WKHVH UHJLRQV WR EH
HYDOXDWHG LQ WKH FRQWH[W RI D JHQRPHZLGH SHUVSHFWLYH 7KLV
PHWKRG FRXOG KHOS LGHQWLI\ QHZ SURJQRVWLF PDUNHUV RI WKH
GLVHDVHDQGXQFRYHUPHFKDQLVPRIJHQRPLFFKDQJHVHYROXWLRQ
GXULQJ FRXUVH RI WKH GLVHDVH WKXV EULQJLQJ QHZ LQVLJKW LQWR






















DFW DV RQH RI WKH LPSRUWDQW PHFKDQLVPV IRU RQFRJHQLF
DFWLYDWLRQ +LJK H[SUHVVLRQ RU DFWLYLW\ RI WHORPHUDVH LQ
PDOLJQDQWFHOOVKDVEHHQDVVRFLDWHGZLWKFRS\QXPEHUJDLQRU
DPSOLILFDWLRQ RI 7(57 JHQH $OWKRXJK YDULRXV PROHFXODU
VWUDWHJLHVDUHDYDLODEOHIRUGHWHFWLQJWKHJHQHDPSOLILFDWLRQLQ
WXPRU VDPSOHV UHOLDEOH PHWKRG LV HVVHQWLDO WR EH XVHG LQ
GLDJQRVWLF SXUSRVHV:H HPSOR\HG D TXDQWLWDWLYH 5HDO WLPH
3&57DT0DQ DQG)OXRUHVFHQFH LQ VLWX+\EULGL]DWLRQ ),6+
DVVD\VWRGHWHFW7(57JHQHDPSOLILFDWLRQVWDWXVLQDOHXNHPLF
FHOO OLQH . DQG QRUPDO FHOOV DQG WR HOXFLGDWH WKH
FRQFRUGDQFHUHVXOWVREWDLQHGIURPWKHVHWZRDVVD\V7KH.
FHOO OLQHZDVPDLQWDLQHG LQ DQ DSSURSULDWH FXOWXUHPHGLD DQG
WKH SUHSDUDWLRQ RI FHOO SHOOHW ZDV FDUULHG RXW XVLQJ  ; 
FHOOV $ WRWDO RI  SHULSKHUDO EORRG VDPSOHV ZHUH REWDLQHG
IURPKHDOWK\LQGLYLGXDOVDQGWKHJHQRPLF'1$ZHUHH[WUDFWHG
IURP WKHEORRGDQGDOVR.FHOOSHOOHWXVLQJDFRPPHUFLDO
NLW $ TXDQWLWDWLYH UHDO WLPH 3&5 T3&5 DVVD\ ZDV
SHUIRUPHGXVLQJ7DT0DQSUREHDQGDVHWRISULPHUVIRU7(57
WDUJHW JHQH DQG $73$ UHIHUHQFH JHQH GHVLJQHG E\





LQWHUSKDVH ),6+ DQDO\VLV GXDOFRORU DVVD\ SUREH ZDV XVHG
ZKLFKFRYHUHGWKHJHQRPLFUHJLRQHQFRGLQJ7(57UHGVLJQDO
WRJHWKHU ZLWK D VSHFLILF VHTXHQFH RI (*5 JUHHQ VLJQDO DW
TWRIDFLOLWDWHFKURPRVRPHLGHQWLILFDWLRQ%RWKQRUPDODQG
. FHOOV ZHUH SUHSDUHG RQ VOLGHV DFFRUGLQJ WR WKH
FRQYHQWLRQDO F\WRJHQHWLF PHWKRG DQG IROORZHG ZLWK ),6+
SURFHGXUHV UHFRPPHQGHG E\ WKH SUREH VXSSOLHU 2XU UHVXOWV
VKRZHGWKDWWKHOHYHORI7(57JHQHDPSOLILFDWLRQGHWHFWHGE\
T3&5ZDVREVHUYHGLQ.FHOOVZLWKWKH1YDOXHZDVUDQJHG
 WR  DV FRPSDUHGZLWK DYHUDJH1YDOXH RI OHVV WKDQ  LQ
QRUPDOVDPSOHV7KH),6+VLJQDOSDWWHUQZDVREVHUYHGDVWZR
JUHHQ VLJQDOV DQG WZR UHG VLJQDOV *5 LQ QRUPDO FHOOV
ZKLOHPRUH WKDQ  RI. FHOOV VKRZHG HLWKHU *5 RU
*5 VLJQDO SDWWHUQV %RWK T3&5 DQG ),6+ DVVD\ ZHUH
VXFFHVVIXOO\ RSWLPL]HG LQ GHWHFWLRQ RI 7(57 JHQH FRS\
QXPEHUVWDWXVLQ.DQGQRUPDOFHOOV7KHILQGLQJVREWDLQHG
IURP WKHVH DVVD\V ZHUH FRQFRUGDQW ZKLFK LQGLFDWLQJ WKH
SUHVHQFH RI ORZ JUDGH DPSOLILFDWLRQ RI 7(57 JHQH LQ .
FHOOVDVSUHYLRXVO\UHSRUWHG7KXVRXUVWXG\VXJJHVWHGWKDWWKH
T&5 DVVD\ LV UDSLG DQG XVHIXO WR EH DSSOLHG DV D SRWHQWLDO
UHOLDEOHGLDJQRVWLFWRROLQFOLQLFDOVDPSOHV















*HQRPLF UHJLRQV WKDW UHJXODWH JHQH H[SUHVVLRQ DUH PDMRU
FDXVHV RI KXPDQ GLYHUVLW\ DQG PD\ DOVR EH LPSRUWDQW
VXVFHSWLELOLW\IDFWRUVIRUFRPSOH[GLVHDVHVWUDLWVDQGUHSDLULQJ
2PHWK\OJXDQLQH'1$ PHWK\OWUDQVIHUDVH 0*07 DFWV WR
UHSDLU LQDSSURSULDWHO\ PHWK\ODWHG JXDQLQH UHVLGXHV LQ '1$
&KURQLFH[SRVXUHWRDON\ODWLQJPHWK\ODWLQJDJHQWVFDQOHDGWR
LQFUHDVHG 0*07 DFWLYLW\ DQG 0*07 H[SUHVVLRQ SURWHFWV
IURP VSRQWDQHRXV *& WR $7 WUDQVLWLRQ PXWDWLRQV
,QDFWLYDWLRQ RI0*07 LQFUHDVHV HIILFDF\ RI DON\ODWLQJ DJHQW




UHVLVWDQW WR DON\ODWLQJ FDUFLQRJHQV  DQG DOVR KDYH D ORZHU
IUHTXHQF\ RI VSRQWDQHRXV WXPRUV  ,Q KXPDQV 0*07 LV
H[SUHVVHG DW GLIIHUHQW OHYHOV LQ GLIIHUHQW WLVVXHV DQG WKHUH LV
FRQVLGHUDEOHLQWHULQGLYLGXDOYDULDWLRQLQ WKHDFWLYLW\OHYHOVLQ
SDUWLFXODU WLVVXHV +RZHYHU WKH FDXVHV RI LQWHULQGLYLGXDO
GLIIHUHQFHV LQ H[SUHVVLRQ OHYHOV DUH XQFOHDU LQ SDUWLFXODU
ZKHWKHU WKHUH LV D JHQHWLF FRPSRQHQW IRU WKLV YDULDELOLW\2Q
WKHRWKHUKDQG8QHTXDOH[SUHVVLRQRIWKHDOOHOHVRIDXWRVRPDO
JHQHV DOOHOLF H[SUHVVLRQ LPEDODQFH $(, KDV ORQJ EHHQ
NQRZQ LQ WXPRUV ZKHUH LW UHIOHFWV VRPDWLF DOWHUDWLRQV DW WKH
'1$ OHYHO VXFK DV DPSOLILFDWLRQ GHOHWLRQV GXSOLFDWLRQV RU
WUDQVORFDWLRQV DQG WKH GHUHJXODWLRQ RI HSLJHQHWLF FRQWURO
PHFKDQLVPV 7KHVH SURFHVVHV DUH KDOOPDUNV RI WXPRU
GHYHORSPHQW ,Q WKLV FRQWH[W WKH SUHVHQW VWXG\ KDV EHHQ
XQGHUWDNHQWRHYDOXDWHZKHWKHURUQRWREVHUYHGWKHYDULDWLRQLQ
WKHH[SUHVVLRQRI0*07DOOHOHVDWGLIIHUHQWOHYHOVDPRQJ




WR UHODWH WR WKH SUHYHQWLRQ DQG WUHDWPHQW RI FDQFHU LQ PDQ
0DUNHG GLIIHUHQFHV LQ WKH UHODWLYH DEXQGDQFH RI WKH0*07
WUDQVFULSWVHQFRGHGE\ WKH WZR0*07DOOHOHVZHUHREVHUYHG
KLJKHULQSDWLHQWVWKDQWKHFDVHV7KHH[WHQWRIWKHGLIIHUHQFHV
ZHUH XS WR IROG DQG WKLV LV FRQVLGHUDEO\ KLJKHU WKDQ WKH
DYHUDJH UHSRUWHG 7KH H[SUHVVLRQ RI WKHVH WZR DOOHOHV
GHPRQVWUDWHG DOOHOLF LPEDODQFHZLWK D YDULDWLRQ LQ FDVHV DQG
FRQWUROV ZKLFK LQ WXUQ UHIOHFW LQ WKH WUHDWPHQW RI DON\ODWLQJ
FKHPRWKHUDSHXWLF WUHDWPHQWDPRQJ WKHEUHDVWFDQFHUSDWLHQWV
7KHEDVLVRIDOOHOLFH[SUHVVLRQGLIIHUHQFHVFRXOGEHWKHFORQDO
H[SDQVLRQRIDFHOO FDUU\LQJDPXWDWLRQ LQRQHDOOHOHDQG WKLV
DOOHOH H[SUHVVLRQ LPEDODQFH PD\ EH H[FOXVLYHO\ GXH WR
HSLJHQHWLFPRGLILFDWLRQVRIFLVDFWLQJHOHPHQWVDVREVHUYHGLQ
LPSULQWHGJHQHV LQGLFDWLQJ WKDW WKHUH LV D JHQHWLF FRPSRQHQW
WRLQWHULQGLYLGXDOYDULDWLRQRI0*07OHYHOVDQGWKDWDWOHDVW

















&KURQLF P\HORLG OHXNHPLD &0/ LV D FORQDO




D K\EULG %&5$%/ RQFRJHQH )RU WKH LGHQWLILFDWLRQ RI W
T T FRQYHQWLRQDO F\WRJHQHWLFV LV VXIILFLHQW EXW DW
WLPHVODFNRIJRRGPLWRWLFLQGH[GLIILFXOW\LQDVSLUDWLQJERQH
PDUURZ DQG FRPSOH[ WUDQVORFDWLRQV EULQJV UHOHYDQFH WR
PROHFXODU WHFKQLTXHV VXFK DV ),6+ )OXRUHVFHQW ,Q 6LWX
+\EULGL]DWLRQ DQG 573&5 5HYHUVH 7UDQVFULSWDVH
3RO\PHUDVH &KDLQ 5HDFWLRQ +HUH ZH H[DPLQHG  &0/
VXVSHFWV 0HGLDQ DJH  0 )  DWWHQGLQJ WKH 23
FOLQLFV RI WKH 5HJLRQDO &DQFHU &HQWUH &RQYHQWLRQDO
F\WRJHQHWLFVUHYHDOHGSUHVHQFHRI3KLODGHOSKLDFKURPRVRPHLQ
  FDVHV 7KH FKURPRVRPDO DEQRUPDOLWLHV DW
GLDJQRVLV DQG GXULQJ WUHDWPHQW ZHUH UHFRUGHG DQG JURXSHG





 FDVHV   FDVHV ZHUH QHJDWLYH IRU 3KLODGHOSKLD
FKURPRVRPHRIZKLFKFDVHVVKRZHGXQXVXDOFKURPRVRPDO
DEQRUPDOLWLHV573&5ZDVSHUIRUPHGIRU7KHEFUDEO
JHQH VWDWXV RI DOO WKH FDVHVPDWFKHG WKH F\WRJHQHWLF SURILOHV
H[FHSWRQHFDVHZKHUHD3KLODGHOSKLDQHJDWLYHFDVHZDVIRXQG
WREHIXVLRQJHQHSRVLWLYH$W\SLFDOIXVLRQWUDQVFULSWZDVDOVR
REVHUYHG LQ RQH FDVH 7KH 573&5 SHUIRUPHG RQ 
F\WRJHQHWLFDOO\ XQDQDO\]DEOH FDVHV  UHYHDOHG WKH
SUHVHQFH RI IXVLRQ WUDQVFULSW LQ  RI WKHP ),6+ ZDV
SHUIRUPHGRQFDVHV LQFOXGLQJ WKHFDVHVIRUZKLFK57
3&5 FRXOG QRW EH GRQH LQ  FDVHV IRU FRQILUPLQJ  GRXEOH
3Kk¼ DQG LQ RQH F\WRJHQHWLFDOO\ QHJDWLYH EXW PROHFXODUO\
SRVLWLYHFDVH8VLQJ%&5$%/GXDOFRORXUGXDO IXVLRQ),6+
SUREH>6SHFWUXP2UDQJH$%/ORFXV26SHFWUXP*UHHQ%&5
ORFXV*  <HOORZ 6LJQDO%&5$%/$%/%&5 IXVLRQ)@
 LQWHUSKDVH QXFOHLPHWDSKDVH ZHUH DQDO\]HG SHU VDPSOH
7KH2*))ZDV WKH W\SLFDOSDWWHUQ IRU&0/7RRXUVXUSULVH
),6+ DQDO\VHV UHYHDOHG VXEPLFURVFRSLF GHOHWLRQV RI WKH
GHU LQ FDVHV &0/ SDWLHQWVZLWK YDULRXV VLJQDO
SDWWHUQVLQFOXGLQJ2**)22*)2*)DQGDGPL[HGSDWWHUQV
ZKLFKDUHLQGLFDWLYHRIGHOHWLRQRI$%/%&5DQG$%/%&5
UHVSHFWLYHO\ RQ GHU $ QHZ22**) SDWWHUQZLWK DW\SLFDO
NDU\RW\SLFDQGPROHFXODUSURILOHZDVIRXQGLQWZRFDVHV2*)
HUGO J (2011) 5:1–346 173
123
SDWWHUQ ZDV WKH PRVW UHFXUUHQW REVHUYDWLRQ 7KH
HYDOXDWLRQ RI WKH SURJQRVWLF VLJQLILFDQFH RI WKH FDVHV ZLWK
DW\SLFDO),6+SDWWHUQVVKRZHGDVOLJKWSUHSRQGHUDQFHWRZDUGV
ORVV RI F\WRJHQHWLF UHVSRQVH DQG DFFHOHUDWHG SKDVH &0/
H[FHSW 22**) SDWWHUQV VKRZLQJ JRRG UHVSRQVH WR GUXJ
$GGLWLRQDO DEQRUPDOLWLHV DUH FRQVLGHUHG DV SRRU SURJQRVWLF
PDUNHU DJDLQVW 3K
 FKURPRVRPHZKLFK LV D JRRG SURJQRVWLF
PDUNHU2QHUHDVRQIRUWKHF\WRJHQHWLFDOO\3KLODGHOSKLD3K

QHJDWLYH &0/ LV DWWULEXWHG WR WKH SUHVHQFH RI FU\SWLF
WUDQVORFDWLRQV ZKLFK PDVNV WKH FRQVWLWXWLRQ RI 3K

FKURPRVRPH ,Q DGGLWLRQ WR FRPSOH[ WUDQVORFDWLRQV VXE
PLFURVFRSLF GHOHWLRQV RQ GHU QHHGV IXUWKHU YDOLGDWLRQ LQ D
ODUJHU FRKRUW WR MXVWLI\ LWV SURJQRVWLF LPSRUWDQFH 7KLV VWXG\
SRLQWV WRZDUGV WKH FOLQLFDO DQG UHVHDUFK XWLOLW\ RI XVLQJ WKH
DERYH WHFKQLTXHV DW GLDJQRVLV DQG DW UHJXODU LQWHUYDOV IRU
JURXSLQJ SDWLHQWV EDVHG RQ NDU\RW\SH ),6+ VLJQDO SDWWHUQV

















'1$ PHWK\ODWLRQ LQ PDPPDOLDQ JHQRPHV UHJXODWHV
H[SUHVVLRQ RI JHQHV$EHUUDQW'1$PHWK\ODWLRQ RI SURPRWHU
DQGRU ILUVW H[RQ UHJLRQV RI KXPDQ WXPRU VXSSUHVVRU JHQHV
UHVXOWV LQ WKHVHJHQHVVLOHQFLQJDQGSOD\VDNH\UROH LQ WXPRU
LQLWLDWLRQ%OV,DQG*OD,3&5DVVD\VKDYHEHHQGHYHORSHG WR
VWXG\ '1$ PHWK\ODWLRQ DQG LQFOXGH '1$ K\GURO\VLV ZLWK
XQLTXH PHWK\OGLUHFWHG VLWHVSHFLILF '1$ HQGRQXFOHDVH %OV,
RU*OD,UHVSHFWLYHO\IROORZHGE\3&5ZLWKSULPHUVGHVLJQHG
IRU'1$UHJLRQRILQWHUHVW,QWKLVZRUNZHKDYHDSSOLHG%OV,
DQG *OD,3&5 DVVD\V WR GHWHUPLQH PHWK\ODWLRQ RI SURPRWHU
DQG ILUVW H[RQ UHJLRQV RI 5$5% 6(37 ,*)%3 &(%3'
0*07 '$3. DQG 5$66)$ WXPRU VXSSUHVVRU JHQHV LQ
PDOLJQDQW FHOO OLQHV +H/D 5DML 8 -XUNDW DQG FRQWURO
ILEUREODVW FHOO OLQH / *OD,3&5 DVVD\ KDV VKRZQ D




3&5 DVVD\V KDYH UHYHDOHG GLIIHUHQW PHWK\ODWLRQ SDWWHUQV RI
VWXGLHG UHJXODWLRQ UHJLRQV LQPDOLJQDQWFHOO OLQHV+H/D5DML
8DQG-XUNDW$FFRUGLQJWRWKHUHVXOWVRI%OV,3&5DVVD\
HDFK*&*&1*&*&7 VLWH ORFDWHG LQ UHJXODWLRQ UHJLRQV
RI WXPRU VXSSUHVVRU JHQHV LV PHWK\ODWHG LQ DW OHDVW RQH
PDOLJQDQWFHOO OLQH'1$SUHSDUDWLRQVIURPPDOLJQDQWFHOO
OLQHV KDYH VKRZQ HLWKHU DQ DEVHQFH RI PHWK\ODWLRQ RU D
FRPSOHWH '1$ PHWK\ODWLRQ RI WKHVH VLWHV $ FRPSDUDWLYH
DQDO\VLV RI  '1$ IUDJPHQWV ZLWKLQ UHJXODWLRQ UHJLRQV KDV














7KLV UHSRUW LV WKH VHFRQG RI LWV NLQG RQ $UDE SDWLHQWV ZLWK
OXSXV:HUHYLHZHGWKH+/$'5DQG'4SKHQRW\SHVRI
SDWLHQWV IURP WKH $UDELDQ SHQLQVXOD DQG 6RXWKHUQ
0HGLWHUUDQHDQ UHJLRQ   5HVXOWV ZHUH FRPSDUHG WR WKRVH RI
KHDOWK\ FRQWUROV +/$ '5  GLVSOD\HG VLJQLILFDQW GLVHDVH
DVVRFLDWLRQ   YV   LQ FRQWROV S  
55   &,   +/$'5  ZDV QH[W LQ
IUHTXHQF\EXWIDLOHGWRUHDFKVWDWLVWLFDOVLJQLILFDQFH
YV   LQ FRQWUROV S   7KH EURDG DQWLJHQ ZDV
SUHVHQWLQRQO\SDWLHQWDQGWKH'5VSOLWVRI'5DQG
IRUPHGWKHUHVW+/$'5DQG'5ZHUHRIQRWLFHDEO\ORZ
SUHYDOHQFH LQ WKHSDWLHQWV DQGFRPSDUHG WR 
S  DQG  S  DPRQJ FRQWUROV UHVSHFWLYHO\
+/$'4 VKRZHG SRVLWLYH DVVRFLDWLRQ ZLWK SDWLHQWV 
YHUVXV  LQ WKH FRQWUROV S 55	&,
 ZKHUHDV '4 DSSHDUHG DV WKH OHDVW OLNHO\
GLVHDVHDVVRFLDWLQJ DQWLJHQ  LQ SDWLHQWV YV LQ
FRQWUROV S  55  	  &,  +/$
'5'4DQG'5'4KDSORW\SHVZHUHIRXQGLQ	
UHVSHFWLYHO\S 7KHUHIRUH WKH0+&FODVV ,,RI WKLV
FRKRUW LV QRW DVVRFLDWHG ZLWK VSHFLILF HQWLW\ RI DQWLJHQV DQG
KDSORW\SHV 7KLV ZRXOG VXSSRUW WKH QRWLRQ RI VKDUHG
VXVFHSWLELOLW\ LQ WKH OLQH RI SUHGLVSRVLWLRQ WR OXSXV DPRQJ
YDULRXV HWKQLF JURXSV )XUWKHU VXEVWDQWLDWLRQ LV UHTXLUHG E\























&RQJHQLWDO FDWDUDFW LV D FOLQLFDOO\ DQG JHQHWLFDOO\
KHWHURJHQHRXV OHQV GLVRUGHU +HUHLQ D .XZDLWL IDPLO\
GLDJQRVHG ZLWK DXWRVRPDO GRPLQDQW FRQJHQLWDO FDWDUDFW
$'&& DFURVV WKUHH JHQHUDWLRQV VFUHHQHG WR H[SORUH WKH
GLVHDVH ORFXV DQG FDXVDWLYH PXWDWLRQ )DPLO\ PHPEHUV ZHUH
FOLQLFDOO\FKDUDFWHUL]HGE\DFRPSOHWHH\HH[DPLQDWLRQ7KUHH
YDULRXV SKHQRW\SHV ODPHOODU DQWHULRU SRODU DQG FRPSOHWH
FDWDUDFWZHUH GHWHFWHG LQ WKLV IDPLO\:KROH JHQRPH OLQNDJH
DQDO\VLV$II\PHWUL[.UHYHDOHG/RFXVTKDUSHUV







GHOHWLRQV J LQWURQ GHO* DQG F GHO& LQ H[RQ DQG D
QRYHO WULQXFOHRWLGH SRO\PRUSKLVP J LQWURQ 
**7!$$$ ZHUH GHWHFWHG LQ &5<*%  +HWHUR]\JRXV J
LQWURQGHO*GHWHFWHGLQDIIHFWHGPHPEHUVZLWKODPHOODU
FDWDUDFW +HWHUR]\JRXV F GHO& GHWHFWHG LQ  DIIHFWHG
PHPEHUV RQH ZLWK DQWHULRU SRODU FDWDUDFW ZKLOH WKH VHFRQG
\UV ROG H[KLELWHG DQ H[WUHPH FDWDUDFW SKHQRW\SH ,W ZDV
GLIILFXOW WR SUHGLFW ZKHWKHU WKH FDWDUDFW IRXQG LQ WKLV SDWLHQW
ZDV GXH WR ROG DJH RU F GHO& PXWDWLRQ ,Q DGGLWLRQ RQH
SDWLHQW KDG D FRPSOHWH FDWDUDFW IRXQG WR EH D FRPSRXQG
KHWHUR]\JRWH ZLWK F GHO& DQG J LQWURQ GHO*
PXWDWLRQV7KHQRYHOWULQXFOHRWLGHSRO\PRUSKLVPJLQWURQ
**7!$$$ZDV IRXQG WR EHPDWHUQDOO\ LQKHULWHG WR
WZRDIIHFWHGGDXJKWHUVZKLOHWKHPRWKHUVKRZHGQRFOHDUH\H
DEQRUPDOLW\7KHUHIRUHWKHLQYROYHPHQWRIWKLVSRO\PRUSKLVP
LQ $'&& LV QRW FOHDU  7KH F GHO& PXWDWLRQ UHVXOWV LQ D
WUXQFDWHG SURWHLQ RI  DDZKLFK SUHVHUYHG WKH ILUVW  DD RI
ZLOG W\SH SURWHLQ D IUDPH VKLIW JHQHUDWLQJ  UDQGRPDPLQR
DFLGVEHIRUHDWUDQVODWLRQWHUPLQDWLRQDWSRVLWLRQ:HDUH
SUHVHQWLQJ WKH ILUVW $'&& FDVH UHSRUWHG KDYLQJ FRPSOH[
PXWDWLRQLQ&5<*%JHQH7KHJHQHWLFKHWHURJHQHLW\UHVXOWHG
LQ FOHDU FOLQLFDO SUHVHQWDWLRQ RI WKH GLVHDVH  7KLV FDVH ZLOO















JHQHWLF PHWKRGV IRU HDUO\ GLDJQRVLV FKRLFH RI SUHYHQWLYH
PHGLFDWLRQ DQG LQGLYLGXDO DSSURDFK WR WKH SDWLHQW ,Q WKH
5HSXEOLFRI.D]DNKVWDQ LQ WKH ODERUDWRU\RIPHGLFDOJHQHWLFV
DW WKH EDVH RI WKH 6FLHQWLILF &HQWHU IRU 2EVWHWULFV DQG
*\QHFRORJ\DQG&HQWHUIRU0ROHFXODU0HGLFLQHDUHGLDJQRVHG
SKHQ\ONHWRQXULD F\VWLF ILEURVLV DQG 'XFKHQQH%HFNHU
PLRG\VWURSK\ 7KH DLP RI RXU VWXG\ ZDV GHWHFWLRQ LQ WKH
JHQRPHRIDSDWLHQWNQRZQPXWDWLRQVSKHQ\ONHWRQXULDF\VWLF




GHO7$ GHO7 LQV$ GHO77 GHO7
/LQVPXWDWLRQVLQIUDJPHQWVRIGLIIHUHQWH[RQVDQGWKH
SURPRWHU UHJLRQ RI WKH G\VWURSKLQ JHQH 03$ DQG03$
FDUULHG RXW XVLQJ 3&5 WHFKQLTXH 7KH DYHUDJH IUHTXHQF\ RI
SKHQ\ONHWRQXULD LQ .D]DNKVWDQ LV HTXDO RI  ,Q WKH
UHVHDUFKSUHVHQWHGWKHVSHFWUXPDQGIUHTXHQF\RID3$+JHQH
PXWDWLRQLQ.D]DNKVWDQZHUHVWXGLHG'1$IURPEORRGRI
SDWLHQWVZLWK SKHQ\ONHWRQXULD DQG WKHLU SDUHQWV KDV WDNHQ IRU
LQYHVWLJDWLRQ7KHUHVXOWVRIVWXG\KDYHVKRZQIRXUPXWDWLRQV
5: LQ  RI  FKURPRVRPHV ZLWK PXWDWLRQ IUHTXHQF\
 PXWDWLRQ 54 LQ  RI  FKURPRVRPHV ZLWK
PXWDWLRQ  ,96QW LQ  FKURPRVRPHV  DQG
PXWDWLRQ ,96QW DOVR LQ WZR FKURPRVRPHV 
%HVLGHV ZH KDYH UHYHDOHG GHVFULEHG HDUOLHU 'ZRUQLF]DN HW
DO QHXWUDO SRO\PRUSKLVP99 LQ H[RQRI D3$+
JHQH7KHIUHTXHQF\RIF\VWLFILEURVLVLQGLIIHUHQWSRSXODWLRQV
DQG QDWLRQV LQ.D]DNKVWDQ YDU\ FRQVLGHUDEO\$FFRUGLQJO\ WR
1D]\URYD  LW LV  SHU  ELUWKV:H FDUULHG RXW WKH
PROHFXODU JHQHWLF GLDJQRVLV RI  IDPLO\ PHPEHUV ZLWK
F\VWLF ILEURVLV  RI LQYHVWLJDWHG KDYH IRXQG PXWDWLRQ
GHO)   SRVVHVVHG PXWDWLRQ 'HONE   KDYH
IRXQGGHO77SRVVHVVHGGHO7DQGGHO
DQG   KDYH IRXQG  PXWDWLRQ GHO7$ 0LRGLVWURIL\D
'XFKHQQH%HFNHU  SDWLHQWV ZLWK FOLQLFDO V\PSWRPV RI




  GHO ES GHO ES GHO ES GHO
ES03$DQGGHOES03$DQGFRQWDLQHG
GHO ESGHO ESGHOES03$DQGGHO
ES03$ $SSOLFDWLRQ RI PROHFXODU JHQHWLF WHFKQLTXHV
SURYLGHG QHZ RSSRUWXQLWLHV IRU GLDJQRVLV RI KHUHGLWDU\
GLVHDVHV 7KH UHVXOWV RI WKH VWXG\ SUHVHQWHG KDYH FOHDUO\
LQGLFDWHG WKDW H[DPLQDWLRQ RI PXWDQW DOOHOHV LQ SDWLHQWV DQG
WKHLUIDPLOLHVRULQYHVWLJDWLRQRIDOOHJHGKHWHUR]\JRXVFDUULHUV














5HWW V\QGURPH LV D QHXURGHYHORSPHQWDO GLVRUGHU RI WKH JUH\
PDWWHU RI WKH EUDLQ WKDW DIIHFWV JLUOV DOPRVW H[FOXVLYHO\ 7KH
FOLQLFDO IHDWXUHV LQFOXGH VPDOO KDQGV DQG IHHW DQG D
GHFHOHUDWLRQ RI WKH UDWH RI KHDG JURZWK LQFOXGLQJ
PLFURFHSKDO\ LQ VRPH 7KH VLJQV RI WKLV GLVRUGHU DUH PRVW
HDVLO\ FRQIXVHG ZLWK WKRVH RI $QJHOPDQ V\QGURPH FHUHEUDO
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SDOV\ DQG DXWLVP 7KH ;OLQNHG GRPLQDQW LQKHULWDQFH RI 56
KDV EHHQPDSSHG WR WKH JHQH WKDW HQFRGHV WKHPHWK\O&S*
ELQGLQJ SURWHLQ 0(&3 DW ;T $SSUR[LPDWHO\ 





WKH SUREDEOH GLDJQRVLV RI 56 ZDV EDVHG RQ FOLQLFDO IHDWXUHV
DQG GLVHDVH SURJUHVVLRQ *HQRPLF'1$ZDV H[WUDFWHG XVLQJ
VWDQGDUGSURFHGXUHVIURPWKHVDPSOHV3&5ZDVSHUIRUPHGWR
DPSOLI\ DOO WKH WKUHH H[RQV RI0(&3 JHQH LQ  IUDJPHQWV
XVLQJ SXEOLVKHG SULPHUV DQG FRQGLWLRQV ZLWK VRPH
PRGLILFDWLRQV 3&5SURGXFWVZHUH SXULILHG DQG LQWURGXFHG WR
GLUHFW VHTXHQFLQJ 6HTXHQFLQJ UHVXOWV ZHUH FRPSDUHG ZLWK
UHIHUHQFHWRWKHQRUPDOKXPDQJHQRPLF0(&3VHTXHQFH2I
WKH  SDWLHQWV  KDG SDWKRJHQLF PXWDWLRQV ZKLFK
LQFOXGHG  GLIIHUHQW PXWDWLRQV $OWRJHWKHU WKHUH ZHUH RQH
PLVVHQVHPXWDWLRQF&!7LQJHQRPHS5&LQSURWHLQ
OHYHO RQH VWRS FRGRQPXWDWLRQ F&!7  S5; RQH
LQVHUWLRQ F LQV *  S:IV DQG RQH QRQVHQVH
PXWDWLRQ S5; DQG RQH ZLWK ODUJH UHDUUDQJHPHQW LQ
H[RQDQG ILQDOO\RQHZLWK IDPLOLDOPXWDWLRQ5HWW V\QGURPH
H[LVWV LQ GLIIHUHQW SDUWV RI WKH ZRUOG 3UHYDOHQFH RI 5HWW
V\QGURPH LV DSSUR[LPDWHO\ RQH LQ  ,Q WKLV VWXG\ ZH
GHWHFWHGSDWKRJHQLFPXWDWLRQVLQRIWKHSDWLHQWV7KLVLVD
UDWKHU ORZ SHUFHQWDJH RI IRXQG PXWDWLRQV FRPSDUHG WR WKH
RWKHU VWXGLHV ZKHUH WKH UDQJH LV EHWZHHQ DSSUR[LPDWHO\ 

















UHVSRQVLEOH IRU PDOH IDFWRU LQIHUWLOLW\ &U\RSUHVHUYDWLRQ RI
VSHUPV LV D URXWLQH PHWKRGRORJ\ LQ DVVLVWHG UHSURGXFWLYH
FHQWHUV +RZHYHU LW PD\ KDYH QHJDWLYH LPSDFW RI VSHUP
SDUDPHWHULQFOXGLQJDSRSWRVLV7KHSXUSRVHZDVWRLQYHVWLJDWH
WKH UDWH RI DSRSWRVLV LQ FU\RSUHVHUYHG VSHUPV RI IHUWLOH DQG
LQIHUWLOHPHQ 6HPHQ VDPSOHV IURP \RXQJ IHUWLOH Q  DQG
LQIHUWLOHQ PHQZHUHDQDO\]HGDFFRUGLQJWR:+2FULWHULD
6SHUPSDUDPHWHUVRIFRQFHQWUDWLRQPRWLOLW\PRUSKRORJ\DQG
YLDELOLW\ ZHUH DVVHVVHG XVLQJ 0DNOHU FKDPEHU DQG *HLPVD
VWDLQLQJ 7KH UDWHV RI DSRSWRVLV ZDV DOVR HYDOXDWHG ZLWK
781(/ VWDLQLQJ WHFKQLTXH DQG OLJKW PLFURVFRS\ IRU ERWK
JURXSV RI IHUWLOH DQG LQIHUWLOH  $OO VDPSOHV ZHUH WKHQ
FU\RSUHVHUYHGXVLQJYLWULILFDWLRQFU\RORRSDQGVWRUHGLQOLTXLG
QLWURJHQ IRU  ZHHN $IWHU WKDZLQJ WKH DIRUHPHQWLRQHG
SDUDPHWHUV ZHUH DVVHVVHG EOLQGO\ 7KH UDWHV RI SURJUHVVLYH
PRWLOLW\ RI VSHUPV GHFUHDVHG VLJQLILFDQWO\ LQ ERWK JURXSV RI
PHQ DIWHU FU\RSUHVHUYDWLRQ 7KH UDWH RI VSHUP DSRSWRVLV LQ
IHUWLOH PHQ LQFUHDVHG LQVLJQLILFDQWO\ IURP  WR
DIWHUYLWULILFDWLRQ,QLQIHUWLOHSDWLHQWVKRZHYHU
WKH VSHUP DSRSWRWLF UDWH LQFUHDVHG IURP  WR
 IROORZLQJ YLWULILFDWLRQ 3
&U\RSUHVHUYDWLRQ RI KXPDQ VSHUPDWR]RD DOVR VLJQLILFDQWO\
UHGXFHG WKH VSHUP YLDELOLW\ DQGPRUSKRORJ\ LQ ERWK JURXSV
&U\RSUHVHUYDWLRQ KDG QHJDWLYH LPSDFWV RQ SDUDPHWHUV RI
KXPDQVSHUPDWR]RD ,WDOVRHQKDQFHG WKH UDWHRIDSRSWRVLV LQ















7KH IRFDO DLP RI WKH SUHVHQW VWXG\ ZDV FDUULHG RXW WR
LQYHVWLJDWHWKHDVVRFLDWLRQRIDSRO\PRUSKLVPRIWKH&\WRWR[LF
7O\PSKRF\WH DQWLJHQ &7/$ JHQH DW SRVLWLRQ  RI
H[RQ  ZLWK VFKL]RSKUHQLD SRSXODWLRQ LQ FRLPEDWRUH VRXWK
,QGLD $PRQJ WKHVH SDWLHQWV GLDJQRVHG ZLWK VFKL]RSKUHQLD
DFFRUGLQJ WR '60,9  SDWLHQWV ZKR PHW WKH VHOHFWLRQ
FULWHULDZHUHUHFUXLWHGIRU WKHVWXG\(TXDOQXPEHURIFRQWURO
ZDVVHOHFWHGIURPVDPHVXEMHFWDUHDEXWWKH\DUHQRWDIIHFWHG
ZLWK DQ\ JHQHWLF GLVRUGHU LQ SDVW \HDU DQG DOVR WKH\ DUH QRW
WDNLQJ DQ\ WUHDWPHQWV DQG GUXJV IRU DQ\ GLVHDVH '1$ ZDV
H[WUDFWHG IURPZKROHEORRGXVLQJSKHQRO FKORURIRUPPHWKRG
DQG WKH &7/$ JHQH UHJLRQ ZDV DPSOLILHG E\ SRO\PHUDVH
FKDLQUHDFWLRQ0ROHFXODUJHQRW\SLQJZDVSHUIRUPHGE\VLQJOH
VWUDQGFRQIRUPDWLRQSRO\PRUSKLVP66&37KHJHQRW\SHDQG
DOOHOH GLVWULEXWLRQ LQ SDWLHQWV ZLWK VFKL]RSKUHQLD ZDV QRW
VLJQLILFDQWO\GLIIHUHQWIURPWKDWVHHQLQWKHFRQWUROJURXS7KLV
VWXG\VXJJHVWVD WKHUH LVQRSRO\PRUSKLF UROHRI WKH&7/$
JHQHSRO\PRUSKLVPDWSRVLWLRQRIH[RQIRUVFKL]RSKUHQLD














7KH SRVVLEOH UROH RI JHQRPLFV LQ XQFRYHULQJ JHQHWLF
VXVFHSWLELOLWLHV DQG KHOSLQJ SUHYHQWLRQ RI FRQJHQLWDO
PDOIRUPDWLRQV&0VUHTXLUHLQGHSWKHSLGHPLRORJLFDOVWXGLHV
DQG FRVW HIIHFWLYH DQDO\VLV  &0V LV D W\SH RI FRQJHQLWDO
GLVRUGHUZKLFK LV SULPDULO\ VWUXFWXUDO LQ QDWXUH DQGZKLFK LV
SUHVHQWDWWLPHRIELUWK7KH\DIIHFWRIDOOOLYHELUWKVDQG
PDQ\ HOHFWLYH SUHJQDQF\ WHUPLQDWLRQV RU VSRQWDQHRXV
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DERUWLRQV 0RVW &0V DUH WKRXJKW WR KDYH D PXOWLIDFWRULDO
HWLRORJ\ LQWHUDFWLRQ EHWZHHQ JHQHV DQGRU HQYLURQPHQWDO
IDFWRUV ,Q WKLV VWXG\ZH WULHG WR DVVHVV IRU WKH ILUVW WLPH WKH
IUHTXHQF\DQGQDWXUHRI&0VDPRQJ(J\SWLDQFKLOGUHQDVZHOO
DV WKH DVVRFLDWHG ULVN IDFWRUV , ZLOO DOVR WU\ WR GLVFXVV WKH
IXWXUHUROHRIJHQRPLFVLQLWVSUHYHQWLRQ6XEMHFWV	0HWKRGV
&KDUWV RI FKLOGUHQZLWK&0V  DJHG \HDUVZHUH
H[WUDFWHG IURP FKLOG DWWHQGLQJ WKH3HGLDWULF+RVSLWDO
$LQ6KDPV8QLYHUVLW\ &DLUR (J\SW GXULQJ WKH SHULRG 
7KLVLVWKHPDLQ+RVSLWDOLQWKH1RUWK(DVWHUQUHJLRQRI
&DLUR DQG DOO FKLOGUHQ ZLWK &0V DWWHQG WKLV KRVSLWDO IRU
LQYHVWLJDWLRQV DQG SURSHU GLDJQRVLV 5HSRUWV RI SK\VLFDO
H[DPLQDWLRQ DQG LQYHVWLJDWLRQV HFKRFDUGLRJUDP DEGRPLQDO
XOWUDVRQRJUDSK\&7 EUDLQ DQG FKURPRVRPDO VWXG\ RI WKHVH
FKLOGUHQ ZHUH DOVR VWXGLHG 0DMRU PDOIRUPDWLRQV ZHUH





WKH FHQWUDO QHUYRXV V\VWHP IROORZHG E\ FKURPRVRPDO
DQRPDOLHV JHQLWDO XULQDU\PXVFXORVNHOHWDO FLUFXODWRU\ H\H
HDU IDFH DQG QHFN $PRQJ WKH PDWHUQDO ULVN IDFWRUV ZHUH
PXOWLSDULW\ DJH RI PRWKHU DERYH \ PDWHUQDO LOOQHVV
H[SRVXUH WR SROOXWDQWV DQG GUXJ LQWDNH GXULQJ WKH ILUVW 
PRQWKV RI SUHJQDQF\ ZLWK ORZ LQWDNH RI PXOWLYLWDPLQV DQG
IROLF DFLG )DWKHUV DERYH  \HDUV DQG FRQVDQJXLQHRXV
PDUULDJHZHUHDPRQJWKHULVNIDFWRUVDVZHOODVELUWKZHLJKWRI
SDWLHQWV EHORZ  NJV $OO WKHVH UHVXOWV ZLOO EH GLVFXVVHG
)XWXUHUROHRI*HQRPLFVLQ3UHYHQWLRQRI&0V*HQRPLFVKDV
PDQ\ WRROV LQFOXGLQJ SDWKRJHQRPLFV SKDUPDFRJHQRPLFV
QXWULJHQRPLFVDQGELRLQIRUPDWLFV3DWKRJHQRPLFVZLOOUHYHDO
WKHPROHFXODUEDFNJURXQGRI&0VWRLGHQWLI\FDQGLGDWHJHQHV
DQG LQWHUDFWLRQV RI WKRVH JHQHV ZLWK HDFK RWKHU DQG WKH
SHUVRQVµ HQYLURQPHQW 3KDUPDFRJHQRPLFV LGHQWLILHV YDULDQW
JHQHVDIIHFWLQJWKHUHVSRQVHWRGUXJVDQGFKHPLFDOVDQGZKLFK
ZRXOG EH H[SHFWHG WR LQFUHDVH WKHLU WHUDWRJHQHFLW\ LQ DW ULVN
LQGLYLGXDOVDQGLWVKRXOGEHDSSOLHGWRVWXG\GUXJLQGXFHGELUWK
GHIHFWV 1XWULJHQRPLFV ZLOO LGHQWLI\ JHQHWLF YDULDWLRQV DQG
QXWULWLRQDO UHTXLUHPHQWV IRUJHQRPHVWDELOLW\%LRLQIRUPDWLFV
ZLOO DOORZ LQWHUSUHWDWLRQ RI ELRORJLFDO GDWD LQ D PHDQLQJIXO
FRQWH[W 7KLV ZLOO KHOS WR RIIHU QHZ GLDJQRVWLFPHWKRGV DQG



















7KH LQIRUPDWLRQ DQG WHFKQRORJ\RI JHQRPLFV LV WUDQVIRUPLQJ
RXUXQGHUVWDQGLQJRIHYROXWLRQWKHPHFKDQLVPVRIGLVHDVHWKH
UHODWLRQVKLS EHWZHHQ KHUHGLW\ DQG HQYLURQPHQW DQG RXU
DQFLHQW FRQQHFWLRQ ZLWK DOO IRUPV RI OLIH %XW ODUJH
FRPSDUDWLYH JHQRPLFV VWXGLHV DQG WRROV DUH EHFRPLQJ
LQFUHDVLQJO\ PRUH FRPSXWHH[SHQVLYH DV WKH QXPEHU RI
DYDLODEOH JHQRPH VHTXHQFHV FRQWLQXHV WR ULVH DQGZH ORRNDW
RUJDQLVPV ZLWK ODUJHU JHQRPH VL]H *HQRPLFV&ORXG ZLWK LWV






WRROV IRU GRLQJ HQG WR HQG GRZQVWUHDP ELR LQIRUPDWLFV DQG
ELRVWDWLVWLFDO DQDO\VLV IRU QH[W JHQHUDWLRQ VHTXHQFLQJ GDWD
6RPHRI WKH WRROVRIIHUHGE\*HQRPLFV&ORXGVXFKDV&ORXG
0$4 51$6HT WR *HQH 0RGHOV DUH KLJKO\ SDUDOOHO DQG
VFDODEOH &ORXG0$4 LV D FORXG FRPSXWLQJ WRRO WR EXLOG
DVVHPEO\ E\ PDSSLQJ VKRUW UHDGV WR UHIHUHQFH VHTXHQFHV
51$6HT WR *HQH PRGHOV LV D SLSHOLQH WR GLVFRYHU JHQH
PRGHOV IURP51$6HTGDWD*HQRPLFV&ORXG
V FROODERUDWLRQ
RI JHQRPLFV UHVHDUFK DQG FORXG FRPSXWLQJ ZLOO OHDG WR EHWWHU
DQG IDVWHU DFFHVV WR LQIRUPDWLRQ DERXW JHQHV ZKLFK LQ WXUQ
















:H LQWURGXFH WKH DOJRULWKP 175)LQGHU WR ILQG D FRPSOH[
UHSHWLWLYH VWUXFWXUH LQ '1$ ZH FDOO D QHVWHG WDQGHP UHSHDW
175$Q175LVDUHFXUUHQFHRIWZRGLVWLQFWWDQGHPPRWLIV
LQWHUVSHUVHGZLWK HDFK RWKHU:HSURSRVH WKDW QHVWHG WDQGHP
UHSHDWV FDQ EH XVHG DV SK\ORJHQHWLF DQG SRSXODWLRQPDUNHUV
$Q DOJRULWKP IRU ILQGLQJ 1HVWHG 7DQGHP 5HSHDWV LV
LQWURGXFHG :H KDYH WHVWHG RXU DOJRULWKP RQ ERWK UHDO DQG
VLPXODWHGGDWDDQGSUHVHQWVRPHUHDOQHVWHGWDQGHPUHSHDWVRI
LQWHUHVW :H GLVFXVV KRZ RQH RI WKHVH PD\ DVVLVW LQ




















IDFWRU ZLWK D IRUN KHDG '1$ELQGLQJ GRPDLQ WKDW SOD\V DQ
LPSRUWDQW UROH LQ FHOO IDWH GXULQJ HPEU\RQLF EUDLQ
GHYHORSPHQW  :KLOH PXWDWLRQV LQ WKLV JHQH KDYH EHHQ
DVVRFLDWHGZLWKGLIILFXOW\LQOHDUQLQJDQGLPSDLUHGVSHHFKWKH
SDWWHUQ RI QXFOHRWLGH SRO\PRUSKLVPV LQ PRGHUQ SRSXODWLRQV
VXJJHVWV WKDW LW KDV EHHQ WKH WDUJHW RI SRVLWLYH 'DUZLQLDQ
VHOHFWLRQGXULQJUHFHQWKXPDQHYROXWLRQ7KHREMHFWLYHRIWKLV
VWXG\ZDVWRORRNIRUHYLGHQFHRIVHOHFWLRQLQPRGHUQKXPDQV
WKDWPLJKW KDYH IROORZHG LQ UHVSRQVH WR )2;3 DGDSWDWLRQV
:H LQYHVWLJDWHGZKHWKHU RU QRW WKHUHZDV DQ HQULFKPHQW IRU
SRVLWLYHVHOHFWLRQLQDQ\RIWKHa)2;3WDUJHWJHQHV
WKDW KDYH UHFHQWO\ EHHQ LGHQWLILHG E\ FKURPDWLQ
LPPXQRSUHFLSLWDWLRQJHQRPLFVFUHHQLQJ&K,3&+,3VXUYH\V
LQ IHWDO EUDLQ WLVVXH DQG QHXURQDO FHOO OLQHV  )2;3 WDUJHWV
ZHUH PDWFKHG ZLWK D OLVW RI FRQWURO JHQHV LQ WKH (QVHPEO




JHQRPH XVLQJ WKH ORZ FRYHUDJH 3LORW  GDWD RI WKH 
*HQRPHV3URMHFW KWWSZZZJHQRPHVRUJSDJHSKS LQ
IRXU +DS0DS SRSXODWLRQV &(8 B 8WDK UHVLGHQWV ZLWK
(XURSHDQ DQFHVWU\ &+% B+DQ&KLQHVH IURP%HLMLQJ -37B
-DSDQHVH LQ 7RN\R DQG<5,B<RUXED IURP ,EDGDQ 1LJHULD
7KHVHVWDWLVWLFV LQFOXGHG7DMLPDµV')D\DQG:XµV+DQGD
FRPSRVLWH OLNHOLKRRG UDWLR WHVW WKDW XVHV WKH DOOHOH IUHTXHQF\
VSHFWUXP WR FRPSDUH WKH OLNHOLKRRG UDWLRVRI VHOHFWLRQYHUVXV
WKH QHXWUDOPRGHO  1RQSDUDPHWULF DQDO\VHV 0DQQ:KLWQH\
8 DQG SHUPXWDWLRQ WHVWV ZHUH XVHG WR FRPSDUH ZKHWKHU WKH
VXPPDU\ VWDWLVWLFV ZHUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WKH
)2;3 WDUJHWV DQG FRQWURO VHWV  $ VPDOO EXW VLJQLILFDQW
SURSRUWLRQ RI )2;3 WDUJHW JHQHV DVVRFLDWHG ZLWK QHXURQDO
IXQFWLRQ DSSHDU WR EH HQULFKHG IRU SRVLWLYH VHOHFWLRQ LQ WKH
 *HQRPHV 3URMHFW 3LORW  GDWD VHW ,I YDOLGDWHG WKHVH
ZRXOGEHFDQGLGDWHVIRUJHQHVFRQWULEXWLQJWRKXPDQVSHFLILF
VSHHFK DQG ODQJXDJH DELOLWLHV  7KLV SLSHOLQH FDQ EH XVHG WR
DQDO\]H VLJQDOV RI VHOHFWLRQ LQ DQ\ FKRVHQ VHW RI JHQHV WKDW




















:H KDYH UHFHQWO\ LGHQWLILHG VHYHUDO KXPDQLQ +1 SHSWLGHV
HQFRGHG ZLWKLQ WKH QXFOHDU JHQRPH WKDW PD\ GLIIHU LQ WKHLU
QHXURSURWHFWLYHSRWHQWLDO$LP7RDVVHVVJHQHWLFYDULDELOLW\RI
07515/ +1HQFRGLQJ JHQHV LQ 3ROLVK SDWLHQWV ZLWK
QHXURGHJHQHUDWLYH GLVRUGHUV LQFOXGLQJ LVFKHPLF VWURNH DQG
3DUNLQVRQ
V GLVHDVH 3' DQG WR LGHQWLI\ SRWHQWLDO IXQFWLRQDO




WR VWURNH DQG QRUPDO FRQWURO JURXSV +LJK WKURXJKSXW
JHQRW\SLQJDQDO\VLVRI613VZLWKLQ07515/DQGRWKHU
QHXURSURWHFWLYH JHQHV XVLQJ2SHQ$UUD\ WHFKQRORJ\ LV XQGHU
ZD\ /LYH FHOO LPDJLQJ H[SHULPHQWV RQ FXOWXUHG KXPDQ
HQGRWKHOLDO FHOOVH[SRVHG WRSURDSRSWRWLFDJHQWV VKRZHG WKDW
WKH V\QWKHWLF7KU+1SHSWLGHSURYLGHG VLJQLILFDQWO\PRUH
SURWHFWLRQDJDLQVWWKHPLWRFKRQGULDOO\PHGLDWHGDSRSWRVLVWKDQ
WKH ,OH+1 YDULDQW 7KH HIIHFWV RI 7KU+1 ZHUH
FRPSDUDEOH WR WKRVH RI WKH SRWHQW +1* GHULYDWLYH ZKLFK
VHUYHG DV D JROG VWDQGDUG7KH ,OH+1E DOOHOHPD\ EH D
ULVN IDFWRU IRUPLWRFKRQGULDOG\VIXQFWLRQ LQ WKH VHWWLQJRI WKH
SURDSRSWRWLFVWUHVVDQGPD\FRQWULEXWH WR WKH ULVNRIFHUWDLQ
QHXURGHJHQHUDWLYH GLVRUGHUV VXFK DV 3DUNLQVRQ
V GLVHDVH

















DQDO\VLV RI WKH IXQFWLRQ RI WKH SURWHLQV $V DPDWWHU RI IDFW
SURWHLQIROGLQJLVWKHODVWVWHSLQGHFLSKHULQJWKHJHQHWLFFRGH
RI RUJDQLVPV 2QH ZD\ IRU VLPSOLI\LQJ WKH SURWHLQ IROGLQJ
SUREOHP LVK\GURSKRELFSRODU +3PRGHO7KH+3PRGHO LV
EDVHG RQ K\GURSKRELF HQHUJ\ FDQ IROG WKH FKDLQ RI SURWHLQ
VHTXHQFHLQDZD\WKDWWKHK\GURSKRELFDPLQRDFLGVWREHLQ
WKH LQWHULRU SDUW RI IROGHG SURWHLQ  ,Q WKLV SDSHU D QRYHO
DSSURDFK VRFDOOHG 'LVFUHWH 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ
'362KDVEHHQXVHGIRURSWLPL]LQJWKH+3PRGHOWRDFKLHYH
WKH QDWLYH VWDWH RU D VWDWH ZLWK WKH ORZHVW HQHUJ\ LQ DQ
HQYLURQPHQW ,QWURGXFHGPHWKRGFDQEHXVHG LQERWK'DQG
'+3 SURWHLQ IROGLQJ SUREOHP (DFK SDUWLFOH LQ'362ZLOO
KDYHĴQµGLPHQVLRQWKDWĴQµLVHTXDO WR OHQJWKRIRXUDPLQR
DFLG FKDLQ (YHU\ SDUWLFOH LQ '362 LPSOLFDWHV RQH ZD\ RI
SURWHLQVHTXHQFHIROGLQJ(DFKGLPHQVLRQLQ'+3PRGHOFDQ
KDYH  VLWXDWLRQV 6 DV VWUDLJKW5 DV ULJKW DQG/ DV OHIW
DQGVLWXDWLRQV LQ'+36DVVWUDLJKW5DV ULJKW/ DV
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OHIW8DVXSDQG'DVGRZQ7KHVXSSRVHGDOJRULWKPZLOO
VHDUFK EHWZHHQ SRVVLEOH IROGLQJ VKDSHV DQG ZLOO FKRRVH WKH
SDUWLFOH VKDSH RI IROGLQJZLWK EHVW ILWQHVV )LWQHVV IXQFWLRQ
IRU SURSRVHG DSSURDFK LV WKH HQHUJ\ RI ERXQGDU\ EHWZHHQ
K\GURSKRELFDPLQRDFLGVZKLFKDUHFORVHWRHDFKRWKHUEXWQRW
FRQVHFXWLYHLQDVHTXHQFH(QHUJ\ZLOOEHFDOFXODWHGIRUHDFK














&RPSOH[ QHWZRUN KDV HPHUJHG DV D QHZ ILHOG ZKLFK KDV
ZLWQHVVHG D ERRP VLQFH WKH ODVW GHFDGH DV REVHUYHG E\ WKH
H[SRQHQWLDO QXPEHU RI WKH SDSHUV EHLQJ SXEOLVKHG LQ WKLV
GRPDLQ&RPSOH[QHWZRUNVKDYHEHHQXVHGWRPRGHODYDULHW\
RI PXOWLIDFHWHG UHDO V\VWHPV IURP GRPDLQV DV GLYHUVH DV
VRFLDO WHFKQRORJLFDOELRORJLFDODQGRWKHUV 2QFHDFRPSOH[
V\VWHP KDV EHHQ PRGHOHG DV D QHWZRUN GLIIHUHQW QHWZRUN
DQDO\WLFPHDVXUHVFDQEHDSSOLHG WRGLVFRYHUKLGGHQSDWWHUQV
PRWLIVVXEJUDSKVVWUXFWXUDOIHDWXUHVDQGSULQFLSOHVJRYHUQLQJ
WKH RUJDQL]DWLRQ RI WKH V\VWHP  5HFHQW VWXGLHV KDYH VKRZQ
WKDWWKHUHLVFRQVLGHUDEOHYDOXHDGGLWLRQLQPRGHOLQJELRORJLFDO
FRPSOH[ V\VWHPV DV QHWZRUNVZKLFK HQDEOHV WKH VFLHQWLVWV WR
VWXG\ WKH V\VWHP IURP D FRPSOHWHO\ QHZ SHUVSHFWLYH




RI YDULHG FRPSOH[ QHWZRUNV DQDO\VLV WRROV ZKLFK DFFHSW D
QXPEHU RI GLIIHUHQW QHWZRUN IRUPDWV  8QGHUVWDQGLQJ WKHVH
IRUPDWVFDQDOVREHGLIILFXOWGXH WR WKHXQDYDLODELOLW\RIGDWD
IRUPDWVDWDXQLILHGSODWIRUP0RUHRYHUGHWHUPLQDWLRQRIWKH
IRUPDW VXLWDEOH IRU SDUWLFXODU WDVN FDQ DOVR EH D SUREOHP ,Q
WKLVVWXG\ZHILUVWDQDO\]HGWKHPRVWFRPPRQO\XVHGFRPSOH[
QHWZRUNIRUPDWVIURPDELRORJLFDOSHUVSHFWLYHGHVFULELQJWKHLU
PLQRU GHWDLOV V\QWD[ VWUHQJWKVZHDNQHVVHV SXUSRVH DQG
DQDO\]LQJ WKHP RQ WKH EDVLV RI WKH ORDGLQJ DQG SURFHVVLQJ
WLPHV$VDQH[DPSOHZHWRRNWKHSURWHLQSURWHLQLQWHUDFWLRQ
GDWDVHWRI\HDVWDQGFRQYHUWHGLWLQWRDOOWKHDYDLODEOHIRUPDWV
DQG VXEMHFWHG WKHP WR FRPSOH[QHWZRUN DQDO\VLV2XU UHVXOWV
VXJJHVWVWKDWIRUODUJHUGDWDVHWV3DMHNQHWLVWKHPRVWVXLWDEOH
IRUPDW EHFDXVH RI LWV VL]H FRPSDWLELOLW\ OHVVPHPRU\ XVDJH
DQG OHVV SURFHVVLQJ WLPH UHTXLUHG ZKHUHDV 3DMHNPDW ZDV
VXLWDEOH IRU VPDOOHU GDWDVHWV VLQFH WKH ILOH VL]H LQFUHDVHG
H[SRQHQWLDOO\ZLWK WKH LQFUHDVH LQQRGHV  7KLVZDVEHFDXVH
WKHHGJHVOLQNVLQWKLVIRUPDWDUHUHSUHVHQWHGLQWKHIRUPRIQ[
Q DGMDFHQF\ PDWUL[ ZKLFK LQFUHDVHV WKH VL]H RI WKH ILOH
VXEVHTXHQWO\ LQFUHDVLQJ WKH ORDGLQJ DQG SURFHVVLQJ WLPH
0RUHRYHUWKHSURFHVVLQJRI3DMHNPDWDQGGDWILOHUHTXLUHGD




ZLOO RSHQ XS QHZ DYHQXHV RI UHVHDUFK LQWR WKH VWUXFWXUDO













0HODQLQ WKH PDMRU FRPSRQHQW RI KXPDQ VNLQ FRORU LV DQ
RUJDQLF SRO\PHU ZKLFK FRPHV LQ WZR W\SHV D UHG\HOORZ
SKHRPHODQLQ DQG D EODFNEURZQ HXPHODQLQ 9DULDWLRQ LQ
KXPDQ VNLQ DQG KDLU FRORU FDQ EH ODUJHO\ H[SODLQHG E\ WKH
OHYHOV DQG UDWLRRI WKH WZR IRUPVRIPHODQLQ0DQ\GLIIHUHQW
JHQHV LQYROYHG LQ SLJPHQWDWLRQ DUH FKDUDFWHUL]HG EXW RQO\ D
IUDFWLRQ RI WKHP FRQWUROV VNLQ SLJPHQWDWLRQ GLUHFWO\ HJ
0&5 7<5 DQG 6/&$ 3RSXODWLRQ JHQHWLF VWXGLHV RQ
0&5 JHQH WKH EHVW VWXGLHG ORFXV UHIOHFW D YHU\ XQXVXDO
SDWWHUQ RI YDULDWLRQ LQ $IULFDQ DQG QRQ$IULFDQ SRSXODWLRQV
'LYHUVLW\ LQ WKLV JHQH LV FRQVLGHUDEO\ ORZHU LQ $IULFDQV
FRPSDULQJ WRQRQ$IULFDQV7KLV LV VXUSULVLQJ DVKDSORLG ORFL
UHIOHFW RSSRVLWH VLWXDWLRQ GLYHUVLW\ LV ODUJHVW LQ$IULFDZKHUH
DOO QRQ$IULFDQ PW'1$ DQG <FKURPRVRPDO YDULDWLRQ LV
URRWHG 7KLV VWULNLQJ SDWWHUQ RI 0&5 YDULDWLRQ FRXOG EH
H[SODLQHG E\ WKH IDFW WKDW HXPHODQLQ LV SKRWRSURWHFWLYH EXW
SKHRPHODQLQ LV QRW0XWDWLRQVZKLFK GHFUHDVH WKH HXPHODQLQ
YVSKHRPHODQLQUDWLRPLJKWEH WKHUHIRUHGHOHWHULRXV LQQHDU
HTXDWRULDODUHDVZLWKKLJK89OHYHOUHVXOWLQJLQWKHLQFUHDVHG
VNLQ GDPDJH DQG YLWDPLQ % IRODWH SKRWRO\VLV ,Q FRQWUDVW WR
QHDUHTXDWRULDODUHDV ORVVRIIXQFWLRQ LV WROHUDWHGLQ(XURSH
DQG HDVWHUQ $VLD ZKHUH 89 OHYHO LV FRQVLGHUDEO\ ORZHU






89 LQGXFHG YLWDPLQ % IRODWH SKRWRO\VLV DQG VNLQ GDPDJH
7\URVLQDVH 7<5 LV RQH RI WKH NH\ SOD\HUV LQ KXPDQ VNLQ
SLJPHQWDWLRQ7RH[SORUHWKHH[WHQWRIJHQHWLFYDULDWLRQRIWKLV
JHQH LQKXPDQSRSXODWLRQVDQG WR LGHQWLI\SRVVLEOH WDUJHWVRI
VHOHFWLRQZHVHTXHQFHGLQDJOREDOVDPSOHDSSUR[LPDWHO\NE
LQFOXGLQJ H[RQV LQWURQV DQG WKH 
 875 DV LW KDV EHHQ
SURSRVHG WKDW YDULDWLRQ DW WKHVH UHJLRQVPD\ DFFRXQW IRU WKH
LQWUDVSHFLILF PRUSKRORJLFDO GLYHUVLW\ :H FKHFNHG IRU WKH
QHXWUDOLW\ XVLQJ 7DMLPD
V ' DQG +.$ WHVWV XQGHU WKH
DVVXPSWLRQ RI YDULRXV GHPRJUDSKLF PRGHOV :H IXUWKHU
FRPSDUHG RXU UHVXOWV ZLWK HPSLULFDO UHVHTXHQFLQJ GDWD DQG
VLPXODWHG QHXWUDO ORFL )LQDOO\ ZH JHQRW\SHG RXU UH
VHTXHQFLQJ SOXV DGGLWLRQDO ZRUOGZLGH VDPSOHV ZLWK ,OOXPLQD
SODWIRUP DQG FKHFNHG IRU WKH VHOHFWLRQ ZLWK GLIIHUHQWʊORQJ
UDQJHKDSORW\SH” DQGRWKHUZKROHJHQRPHPHWKRGV:HKDYH
GHWHFWHG VLJQDWXUHV RI QDWXUDO VHOHFWLRQ LQ 7<5 ORFXV LQ DOO
VWXGLHG QRQ$IULFDQ SRSXODWLRQV 3RVLWLYH 7DMLPD
V ' YDOXHV
SRLQW WR EDODQFLQJ VHOHFWLRQ ZKLFK PDLQWDLQV H[FHVV
SRO\PRUSKLVPUHODWLYHWRWKHQHXWUDOH[SHFWDWLRQ6WXG\UHVXOWV
HUGO J (2011) 5:1–346 179
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+HUH ZH WU\ WR LPSURYH WKH SHUIRUPDQFH RI +00 7KH
SHUIRUPDQFH RI SUHYLRXV PHWKRGV WKDW XVHG +00 LQ '1$
VHTXHQFLQJDUHQRWYHU\VDWLVI\LQJDQGKDYHVRPHGUDZEDFNV
)RU H[DPSOH WKHVH PHWKRGV QRUPDOO\ GRQ
W DFKLHYH D JRRG
HVWLPDWH IRUDOO OHQJWKRI VHTXHQFHDQGGRQµW VSRW WKHFRGLQJ
DQG QRQ FRGLQJ UHJLRQV ,Q WKLV SDSHU ZH SURSRVHG D QHZ
PHWKRGIRU+'6WKDWXVHDQ+00PRGHOLQJZLWKWKHRYHUODS
DQGVDYHPHWKRG2YHUODSDQGVDYHPHWKRGKDYHEHHQXVHGLQ
VLJQDO SURFHVVLQJ IRU ILOWHULQJ WKH UHDO WLPH VLJQDOV DQG ORQJ
OHQJWK VLJQDOV  )RU YDOLGDWLRQ RI RXU PRGHO ZH FKRRVH
FKURPRVRPH  RI KXPDQ ZKLFK KDV DERXW  PLOOLRQ EDVH
SDLUV:H GLYLGH WKLV FKURPRVRPH LQWR  HTXDO VHJPHQWV
1  HDFK VHJPHQW FRQWDLQV  ESV )RU WUDLQLQJ RI
RXU V\VWHP ZH FKRRVH  VHJPHQWV UDQGRPO\ IURP 1
VHJPHQWV IRU WKH WUDLQLQJ VHW Q  1RZ OHW ZH KDYH D
VWULQJDVDOHQJWKRIPLOOLRQESVWKDWLVRXUWUDLQLQJVHW:H
DJDLQ GLYLGH WKLV VWULQJ LQWR  HTXDO VHJPHQWV HDFK VHJPHQW
FRQWDLQVESVDQG LVFDOOHG IUDPH IRU IUDPHNN 
«(DFKIUDPHLVFKRVHQVXFKWKDWLWKDVRYHUODSZLWKWZR
RWKHU QHLJKERUV QH[W DQG SUHYLRXV IUDPHZH GLYLGH RXU
WUDLQLQJVHTXHQFHLQWRNIUDPHVEHFDXVHRXULQLWLDOH[SHULPHQWV
VKRZ WKDW LI ZH LQYHVWLJDWH RXU VHTXHQFH ORFDOO\ LV PRUH
HIIHFWLYH DQG DFFXUDWH RYHUDOO WKDQ LQYHVWLJDWH WKH VHTXHQFH
JOREDOO\7KHYDOXHRIRYHUODSLVEDVHV:HFRQVLGHUIRU
HDFK IUDPHD+00DQGFDOFXODWH WKH WUDQVLWLRQDQGHPLVVLRQ
SUREDELOLW\ZLWKWKH%DXP:HOFKDOJRULWKP000
0DUHWKHFRUUHVSRQGLQJ+00IRUIUDPH....
UHVSHFWLYHO\ DQG 0[\ LV WKH +00 WKDW LWV SDUDPHWHUV LV
REWDLQHGE\DYHUDJLQJIURPWKHSDUDPHWHUVRI0[DQG0\)RU
H[DPSOH E\ DYHUDJLQJ IURP WKH WUDQVLWLRQV DQG HPLVVLRQV


















:H UHFHQWO\ GHYHORSHG WKH &KURPDWLQ ,QWHUDFWLRQ $QDO\VLV
ZLWK3DLUHG(QG7DJ&K,$3(7VHTXHQFLQJVWUDWHJ\IRU WKH
LGHQWLILFDWLRQ RI WUDQVFULSWLRQ IDFWRU ELQGLQJ VLWHV DQG
FKURPDWLQ LQWHUDFWLRQV LQ D JOREDO GH QRYR DQG KLJK
WKURXJKSXW PDQQHU 7KLV WHFKQLTXH KDV UDLVHG WKH QHZ
FKDOOHQJHVLQVWDWLVWLFDODQDO\VLVRI&K,$3(7GDWDWRLGHQWLI\
ERQDILGHELQGLQJVLWHVDQGFKURPDWLQLQWHUDFWLRQV2QHRIWKH
PDLQ FKDOOHQJHV LV WR GLIIHUHQWLDWH QRLV\ 3(7V IURP VLJQDO
3(7V7KHQRLV\3(7VDUHSUREDEO\IURPWKHUDQGRPOLJDWLRQV
RI '1$ IUDJPHQWV IURP GLIIHUHQW PROHFXODU FRPSOH[HV DQG
DUHFDOOHGDVFKLPHULFGDWD7KHVLJQDO3(7VDUHIURPWKHUHDO
LQWUDPROHFXODU '1$ IUDJPHQWV RI WKH LQGLYLGXDO FKURPDWLQ
LQWHUDFWLRQV DQG DUH FDOOHG DV QRQFKLPHULF GDWD )RXU
VWDWLVWLFVDUHSURSRVHG WRKHOSXV WRUHVROYH WKHFKDOOHQJH
WKHSHUFHQWDJHRIFKLPHULFGDWDLQWKHWRWDO3(7VRIRQH&K,$






LV UHDOO\ WKH PDLQ QRLVH VRXUFH LQ WKH &K,$3(7 GDWD %\
FRPSDULQJWKHQRQFKLPHULFGDWDDQGWKHFKLPHULFGDWDKLJK
FRQILGHQFH FKURPDWLQ LQWHUDFWLRQ GDWD FDQ EH H[WUDFWHG :H
DSSOLHG RXU DQDO\VLV DQG &K,$3(7 7RRO RQ &K,$3(7
51$3,, OLEUDULHV IURP ILYH GLIIHUHQW FDQFHU FHOO OLQHV DQG
LGHQWLILHG KLJKFRQILGHQFH ELQGLQJ VLWHV DQG LQWHUDFWLRQ
FOXVWHUV&RPSDULQJ WKH ELQGLQJ VLWHV DQG LQWHUDFWLRQ FOXVWHUV















'DWDEDVHV RI PXWDWLRQV FDXVLQJ 0HQGHOLDQ GLVHDVHV SOD\ D
FUXFLDOUROHLQUHVHDUFKGLDJQRVWLFDQGJHQHWLFKHDOWKFDUHDQG
FDQ SOD\ D UROH LQ OLIH DQG GHDWK GHFLVLRQ %HFDXVH RI WKH
H[LVWHQFH RI SRSXODWLRQVSHFLILF PXWDWLRQV IRU VLQJOH JHQH
GLVRUGHUV WKHUH LV DQ XUJHQW QHHG IRU FRXQWU\SRSXODWLRQ
VSHFLILF GDWDEDVHV $V QR DYDLODEOH UHVRXUFH RQ JHQHWLF
GLVHDVHVDIIHFWLQJWKH7XQLVLDQVH[LVWVZHDLPHGWRSURYLGHWR
XVHUV FOLQLFLDQV UHVHDUFKHUV DQG SDWLHQWV DOO GDWD SXEOLVKHG
RQ JHQHWLF GLVHDVHV LQ 7XQLVLD IURP VFLHQWLILF SXEOLFDWLRQV
H[WUDFWHGIURP3XE0HG20,0DQGRWKHUUHVRXUFHVLQFOXGLQJ




UHSRUWHG PDLQO\ GXH WR UHFHVVLYH JHQHV  7KHLU
FODVVLILFDWLRQ VKRZV WKDW WKH FRQJHQLWDO PDOIRUPDWLRQV
 PHWDEROLF GLVRUGHUV  DQG GLVHDVHV RI WKH
QHUYRXV V\VWHP  ZHUH WKH PDMRU JURXSV RI JHQHWLF
GLVHDVHVDIIHFWLQJWKH7XQLVLDQSRSXODWLRQ)RXUKXQGUHGWKLUW\
QLQH PXWDWLRQV ZHUH GHVFULEHG DV WKH FDXVH RI WKH 
UHSRUWHGJHQHWLFGLVRUGHUVDIIHFWLQJWKH7XQLVLDQ7KHGDWDEDVH
LQWHJUDWHV LQ DGGLWLRQ WR FOLQLFDO HSLGHPLRORJLFDO DQG





ZLOO KHOS HYDOXDWH WKH EXUGHQ RI JHQHWLF GLVHDVHV RQ SXEOLF
KHDOWK DQG HVWDEOLVKPHQW RI SUHYHQWLYH SURJUDPV 7KLV
FRPSUHKHQVLYHUHVRXUFHZLOOEHXVHIXOQRWRQO\IRUUHVHDUFKLQ
7XQLVLD EXW DOVR LQ WKH RWKHU 1RUWK $IULFDQ DQG 0LGGOH
(DVWHUQ SRSXODWLRQV 7KHUHIRUH ZH KRSH WKDW WKH LQWHJUDWHG
GDWD ZLOO QRW EH IRU EHWWHU DFFHVV EXW DOVR IRU NQRZOHGJH
GLVFRYHU\ 7KH GDWDEDVH LV DFWXDOO\ XQGHU FRQVWUXFWLRQ XVLQJ




















6XOIXU PXVWDUG 60 LV D FKHPLFDO ZDUIDUH DJHQW ZLWK
F\WRWR[LFPXWDJHQLF DQGYHVLFDWLQJSURSHUWLHV ,W HIIHFWXDWHV
FXWDQHRXV EOLVWHUV UHVSLUDWRU\ WUDFW GDPDJH H\H OHVLRQV DQG
ERQH PDUURZ GHSUHVVLRQ %LRORJLFDO DFWLRQV RI 60 RFFXU




DV QHFURVLVDSRSWRVLV RU DOWHUDWLRQ LQ VHYHUDO SDWKZD\V
LQFOXGLQJ FHOO F\FOH FRQWURO FHOO DGKHVLRQ PRUSKRJHQHVLV
UHSDLU DQG LQIODPPDWRU\ UHVSRQVH  7UDQVIRUPLQJ JURZWK
IDFWRUEIDPLO\7*)ȕDUHPXOWLSRWHQWF\WRNLQHVPRGXODWLQJ
FHOO JURZWK SUROLIHUDWLRQ GLIIHUHQWLDWLRQ UHFRJQLWLRQ
DSRSWRVLV LQIODPPDWLRQ FHOOXODU KRPHRVWDVLV DQG
DQJLRJHQHVLV$OWHUHGH[SUHVVLRQRI7*)ȕDQGRUPXWDWLRQLQ
LWV VLJQDOLQJ SDWKZD\ KDV EHHQ OLQNHG WR QXPHURXV GLVHDVHG
VWDWHV LQFOXGLQJ FDQFHU LQIODPPDWLRQ DQG ILEURVLV $V WKHVH
FRQGLWLRQV DUH VHHQ LQ ,UDQLDQ YHWHUDQVZH K\SRWKHVL]HG WKDW
7*)ȕ VLJQDOLQJ PLJKW SOD\ D SLYRWDO UROH LQ 60LQGXFHG
SDWKRJHQHVLV 1RUPDO KXPDQ ILEUREODVWVZHUHPDLQWDLQHG LQ
530, PHGLXP &  &2  1HDUFRQIOXHQW FXOWXUHV
ZHUHXVHG IRU60H[SRVXUHDQGPLFURPROHVRI
60 LQ IUHVK PHGLXP ZLWKRXW VHUXP ZHUH DGGHG WR FHOO
FXOWXUHV IRU GLIIHUHQW WLPHV    PLQ  $IWHU 51$
H[WUDFWLRQDQGF'1$V\QWKHVLVH[SUHVVLRQRI7*)ȕYDULDQWV
ZDV DVVD\HG XVLQJ UHDO WLPH 3&5 ([SUHVVLRQ RI 7*)ȕ
YDULDQWV ZDV DOVR HYDOXDWHG LQ VNLQ ELRSVLHV IURP ,UDQLDQ
YHWHUDQV7*)ȕDQG7*)ȕZHUHERWKRYHUH[SUHVVHGLQVNLQ
ELRSVLHV ,QH[SRVHGILEUREODVWV7*)ȕZDV LQLWLDOO\W 
PLQ GRZQUHJXODWHG LQ D GRVHGHSHQGHQW PDQQHU EXW ZDV
RYHU H[SUHVVHG DW  KUV SRVW H[SRVXUH 7*)ȕZDV GRZQ
UHJXODWHGDWERWKWLPHSRLQWVDQG7*)ȕZDVXSUHJXODWHGDW
PLQSRVWH[SRVXUH %DWWOHILHOGH[SRVXUH WRVXOIXUPXVWDUG
UHVXOWV LQHDUO\DQG ODWHHIIHFWV HVSHFLDOO\RQVNLQDQG OXQJV
$VVLJQDOLQJSDWKZD\VOLNH,/9(*)(*)571)ĮDQG
7*)ȕ KDYH EHHQ LQGLFDWHG LQ VNLQ DQG OXQJ FRPSOLFDWLRQV
















(SLJHQHWLFPRGLILFDWLRQV SOD\ LPSRUWDQW UROH LQ UHJXODWLRQ RI
JHQH H[SUHVVLRQ DQG DIIHFW WUDQVFULSWLRQ IDFWRUV ELQGLQJ
$FFHVVRIUHJXODWRU\SURWHLQVVXFKDV7)WR'1$LVUHJXODWHG
E\ FKURPDWLQ DQG LV DQ LPSRUWDQW DVSHFW LQ FRQWUROOLQJ
WUDQVFULSWLRQDO UHJXODWLRQ RI VSHFLILF JHQH ORFL DQG 7)
IXQFWLRQ 7R VWXG\ JHQH H[SUHVVLRQ UHJXODWLRQ DQG LQWHUSOD\
ZLWKFKURPDWLQPRGLILFDWLRQVLQEUHDVWFDQFHUJHQRPHZHXVHG
UHFHQW&K,3VHTGDWDLQ0&)DQG7'KXPDQEUHDVWFDQFHU
FHOO OLQHV DQG UHFHQWO\ DYDLODEOHGDWD IURP(1&2'(SURMHFW
&KURPDWLQ ODQGVFDSH DQG LQ SDUWLFXODU KLVWRQH +
PRGLILFDWLRQV KDYH FHOOVSHFLILF HIIHFWV RQ DYDLODELOLW\ RI7)
ELQGLQJ VLWHV DQG UHFUXLWPHQW RI 51$ 3RO ,, FRPSOH[HV
5HFHQWVWXGLHVKDYHGHPRQVWUDWHGFKURPDWLQUHPRGHOLQJHYHQ
LQ WHUPLQDOO\ GLIIHUHQWLDWHG QRUPDO FHOOV DQG DGYDQFHGVWDJH
PHODQRPD DQG EUHDVW FDQFHU FHOOV LQ FRQWH[WGHSHQGHQW
UHVSRQVHVWRDOWHUDWLRQVLQWKHLUPLFURHQYLURQPHQW8VLQJKLJK
WKURXJKSXW VHTXHQFLQJ WHFKQRORJLHV LQ FRPELQDWLRQ ZLWK
FKURPDWLQ LPPXQRSUHFLSLWDWLRQ &K,3VHT ZH FRQVWUXFWHG
DQG DQDO\]HG FKURPDWLQ ODQGVFDSHPDSV LQ0&) EDVHG RQ
VHYHUDO DFWLYDWLRQ PDUNV LQFOXGLQJ DFWLYDWLRQ PRGLILFDWLRQV
+.DF +.PH +.PH DQG UHSUHVVLYH PDUNV
+.PH +.PH :H IXUWKHU DQDO\]HG WKHVH LQ
FRQMXQFWLRQ ZLWK JHQRPHZLGH ELQGLQJ SURILOHV RI (5
)2;$ DQG S (VWURJHQ UHFHSWRU (5 LV UHJDUGHG DV D
PDMRU IDFWRU LQ EUHDVW FDQFHU DQG )R[$ KDV EHHQ IRXQG WR
IXQFWLRQDV DSLRQHHU IDFWRU LQ WKH UHFUXLWPHQWRI(5 WRJHQH
UHJXODWRU\ UHJLRQV:HXVHG H[WHQVLYH VHDUFK RI FRPRWLIV LQ
UHJLRQV SUR[LPDO WR &K,3VHT ELQGLQJ SHDNV LQ UHIHUHQFH
KXPDQJHQRPH%LQGLQJPRWLIVRI WUDQVFULSWLRQIDFWRUV$3
63 DQG () ZHUH IRXQG DPRQJ FRDFWLYDWLRQ IDFWRUV 7R
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VKRZWKDWWKLVZDVDQXQELDVHGDQDO\VLVRIJHQRPHZLGHPDSV
ZH GHYHORSHG VRIWZDUH WR WHVW VWDWLVWLFDO VLJQLILFDQFH RI
DVVRFLDWLRQVEHWZHHQ FKURPDWLQPRGLILFDWLRQV7KH LPSDFW RI
FKURPDWLQ FRQILJXUDWLRQ DV FRPELQDWLRQV RI KLVWRQH
PRGLILFDWLRQ PDUNV LQ GHWHUPLQLQJ ERWK (5 ELQGLQJ VLWH
VHOHFWLRQ DQG WKHLU DVVRFLDWLRQ ZLWK JHQH LQGXFWLRQ RU
UHSUHVVLRQE\(5ZDVH[SORUHGE\VWDWLVWLFDO WRROV3UHGLFWLYH
ORJLVWLF UHJUHVVLRQ PRGHO IRU (5Ì ELQGLQJ ZDV FRQVWUXFWHG
&OXVWHULQJ RI UHJLRQV ZLWK DFWLYDWLQJ DQG UHSUHVVLYH KLVWRQH




ZH VWXGLHG DVVRFLDWLRQ EHWZHHQ QXFOHRVRPH RFFXSDQF\
SUHGLFWHG E\ '1$ VHTXHQFH DV ZHOO DV H[SHULPHQWDOO\
HVWLPDWHG E\ VHTXHQFLQJ DQG DIILQLW\ RI WUDQVFULSWLRQ IDFWRU
ELQGLQJPHDVXUHGE\&K,3VHT7RFRPSOHWHDQDO\VLVRIJHQH
WDUJHWV RI 7) ELQGLQJ ZH XVHG JHQH QHWZRUN GDWDEDVHV
1HWZRUN DQDO\VLV RI FDQFHU
ELQGLQJ VLWHV ZDV IXOILOOHG XVLQJ 675,1* SURWHLQ LQWHUDFWLRQ
GDWDEDVH ,QJHQXLW\ 3DWKZD\ $QDO\VLV ,3$ DQG 6N\3DLQWHU
,QWHUDFWRPH VRIWZDUH :H IRXQG FOXVWHUV RI JHQHV KDYLQJ
FRPPRQ FKURPDWLQ DFWLYDWLRQ SDWWHUQ 7RJHWKHU RXU GDWD
















7KH FXUUHQW 8QLWHG $UDE (PLUDWHV UHVLGHQWV DUH H[WUHPHO\
KHWHURJHQHRXVZLWK GLYHUVH HWKQLF DQG QDWLRQDO EDFNJURXQGV
7KHQDWLRQDOSRSXODWLRQFRQVWLWXWHV OHVV WKDQRI WKH WRWDO
SRSXODWLRQ ZLWK ODUJH FRPPXQLWLHV IURP ,QGLD 3DNLVWDQ
3KLOLSSLQHV ,UDQ $UDE DQG 0LGGOH (DVWHUQ FRXQWULHV DQG
VPDOOHUFRPPXQLWLHVIURPWKH8.DQGRWKHUZHVWHUQFRXQWULHV
*HQHWLFFRQGLWLRQVDUHKLJKO\SUHYDOHQW LQ WKH ORFDODQGRWKHU
$UDESRSXODWLRQVGXH WR WKHKLJK UDWHVRI FRQVDQJXLQLW\7KH
PROHFXODU FDXVHV RI D VLJQLILFDQW QXPEHU RI WKRVH FRQGLWLRQV
KDYH EHHQ HOXFLGDWHG EXW WKHUH LV QR GDWDEDVH DYDLODEOH
7KHUHIRUHWKHDLPRIWKLVSURMHFWLVWRFRQVWUXFWVXFKGDWDEDVH
DQG PDNH LW SXEOLFDOO\ DYDLODEOH 7KH GDWD RI WKH PXWDWLRQV
UHSRUWHG DPRQJ 8$( UHVLGHQWV KDYH EHHQ FROOHFWHG IURP
SXEOLVKHG OLWHUDWXUH DV ZHOO DV XQSXEOLVKHG GDWD VXSSOLHG E\
UHVHDUFKHUVDWWKH8$(8QLYHUVLW\7KHUHODWLRQDOGDWDEDVHZDV
GHVLJQHGXVLQJ0LFURVRIW$FFHVV DQG LV FRPSRVHGRI VHYHUDO
WDEOHVDSSURSULDWHO\GHVLJQHGWRVWRUHPXWDWLRQGDWD7KH8$(






FRQWDLQV D WDEOH GHWDLOLQJ WKH W\SH DQG QXPEHU RIPXWDWLRQV
ZLWKK\SHUWH[W OLQNVWR WKHPXWDWLRQSDJHV,QDGGLWLRQWDEOHV
FRQWDLQLQJ GHWDLOV RQ HQWULHV FDWHJRUL]HG E\ SKHQRW\SH ZLWK
OLQNV WR 20,0 HQWULHV PDWFKLQJ WKHVH SKHQRW\SHV 7KH
GDWDEDVH LV VHDUFKDEOH E\ JHQH QDPH *HQH ,' DQG 3URWHLQ
6HTXHQFHV 7KH GDWDEDVH IDFLOLWDWHV WKH UHWULHYDO RI UHVXOWV LQ
ʊ7Hxt”DQGʊ7DEOH”IRUPDWV7KH8$(0XW'%ZLOOEHKLJKO\
XVHIXO WR WKH ORFDO UHJLRQDO DQG LQWHUQDWLRQDO VFLHQWLILF
FRPPXQLW\LQWHUHVWHGLQJHQHWLFFRQGLWLRQVDPRQJ$UDEV7KLV
GDWDEDVHZLOOEHSDUWLFXODUO\XVHIXOIRUGLDJQRVWLFDQGUHVHDUFK























$FFXPXODWLRQ RI PXOWLSOH JHQHWLF FKDQJHV RYHU D SHULRG RI
WLPH GULYHV WKH GHYHORSPHQW RI WXPRU 1H[WJHQHUDWLRQ
VHTXHQFLQJ DQG '1$ PLFURDUUD\ VWXGLHV SURYLGH D KLJK
WKURXJKSXW DSSURDFK WR XQGHUVWDQG WKH UROHV RI YDULRXV
FKDQJHV DVVRFLDWHGZLWK FDQFHU 6HYHUDO W\SHV RI WXPRUV DQG
WXPRU FHOO OLQHV KDYH EHHQ VHTXHQFHG XVLQJ QH[WJHQHUDWLRQ
VHTXHQFHUVLQWKHODVW\HDUVJHQHUDWLQJWKRXVDQGVRIQRYHO




D \HDU VXUYLYDO RI OHVV WKDQ  >@ $V D SDUW RI ODUJHU
WUDQVODWLRQDO FDQFHU UHVHDUFK LQLWLDWLYH ZH KDYH VWDUWHG




)ROORZLQJ KLVWRSDWKRORJ\ VWXGLHV ZH KDYH VHTXHQFHG ZKROH
H[RPHVDQGJHQRPHVIURPWRQJXHWXPRUDQGPDWFKHGQRUPDO
DQG OHXNRSODNLD OHVLRQV ZLWK ERWK VKRUW DQG ORQJLQVHUW
SDLUHGHQG OLEUDULHV UHVSHFWLYHO\E\XVLQJ6ROH[D VHTXHQFLQJ
E\V\QWKHVLV SODWIRUP 6\VWHPDWLF DSSURDFKHV ZHUH PDGH WR
DOLJQ UHDGV IURP VKRUW XVHG IRU 619V	 LQGHO FDOOLQJ DQG
ORQJLQVHUW XVHG IRU VWUXFWXUDO YDULDWLRQ GHWHFWLRQ OLEUDULHV
XVLQJ JDSSHG DOLJQPHQW ,QKRXVH VFULSWV ZHUH ZULWWHQ DQG
VHYHUDO ILOWHUV ZHUH DSSOLHG WR VHOHFW QRYHO VRPDWLF F613V




ZHELQQHGYDULDQWV LQWRGLIIHUHQW WLHUV:HSODQ WRGLVFXVV LQ
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GHWDLORXUVWUDWHJ\IRUILQGLQJQRYHOVRPDWLF619VLQGHOVDQG
VWUXFWXUDO YDULDWLRQV IROORZHG E\ H[SHULPHQWDO YDOLGDWLRQ LQ















*HQRPHZLGH DVVRFLDWLRQ VWXGLHV *:$6 KDYH WUDQVIRUPHG
JHQHWLF VWXGLHV RI GLVHDVH VXVFHSWLELOLW\ LGHQWLI\LQJ PDQ\
YDULDQWV WKDW PD\ WDJ IXQFWLRQDO SRO\PRUSKLVP QHDUE\
3UHYLRXV UHVHDUFK LQWR WKH LQVXOLQ JHQH GLVFRYHUHG D
SRO\PRUSKLVP LQIOXHQFLQJ VSOLFLQJ HIILFLHQF\ DQG FDXVLQJ
UHWHQWLRQ RI D QRQFRGLQJ LQWURQ LQ WKH 
 XQWUDQVODWHG UHJLRQ
875 7KLV H[WHQVLRQ RI WKH 875 ZDV DVVRFLDWHG ZLWK
LQFUHDVHG LQVXOLQ OHYHOV VXJJHVWLQJ D UHODWLRQ WR GLVHDVH
SKHQRW\SHV WKURXJK GLIIHUHQWLDO SURWHLQ TXDQWLW\ ZKLOVW
PDLQWDLQLQJ SURWHLQ TXDOLW\  2XU DQDO\VHV VHDUFKHG SXEOLF
JHQRPH DQQRWDWLRQ GDWD WR GLVFRYHU DQG DVVHVV FDQGLGDWH




DFW DV IXQFWLRQDO PRGHUDWRUV RI DOWHUQDWLYH VSOLFLQJ WKURXJK
VSOLFLQJ HIILFLHQF\ DQG FRUUHODWH ZLWK UHSRUWHG GLVHDVH
DVVRFLDWLRQ7UDQVFULSWVHTXHQFHVFRQWDLQLQJFDQGLGDWHYDULDQWV
ZHUH DQDO\]HG IRU HYLGHQFH RI VSOLFH PRWLI UHFRJQLWLRQ
WKURXJK VSOLFLQJ SUHGLFWLRQ DOJRULWKPV DQG DOWHUQDWLYH
VSOLFLQJ LQ H[SUHVVHG VHTXHQFH WDJV (67V &DQGLGDWH
SRO\PRUSKLVPVZLWKSRSXODWLRQIUHTXHQF\GDWDZHUHDQDO\]HG
ZLWK SXEOLFO\ UHOHDVHG JHQRPHZLGH DVVRFLDWLRQ GDWD VHWV RI
FRPPRQ GLVHDVHV IRU DVVRFLDWLRQ WKURXJK OLQNDJH
GLVHTXLOLEULXP ,Q DGGLWLRQ JHQHYDULDQW DVVRFLDWLRQV IURP D
FDWDORJXHRISXEOLVKHG*:$6UHVXOWVZHUHDQDO\]HGWRFKHFN
IRU SRWHQWLDO JHQRPLF FRQIRXQGLQJ ZKHUH DOWHUQDWLYH JHQHV
H[LVWDWJUHDWHUSK\VLFDOGLVWDQFHVEXWOHVVHUOLQNDJHRUOLQNDJH
GLVHTXLOLEULXPGLVWDQFHV VXFK WKDW DOWHUQDWLYH IXQFWLRQDOLW\ LV
WDJJHG E\ WKH UHSRUWHG YDULDQW 7KHVH UHVXOWV ZHUH
FURVVFKHFNHGZLWKVSOLFLQJYDULDQWVDQGDQRQOLQHYLVXDOL]DWLRQ
WRROZDV GHYHORSHG IRU IXWXUH DQDO\VHV  7KLV LQ VLOLFR VWXG\
UHYHDOHG PDQ\ FDQGLGDWH SRO\PRUSKLVPV LQ VSOLFLQJ PRWLI
UHJLRQV RI 
 875 LQWURQV ZLWK  FDQGLGDWHV VKRZLQJ (67
HYLGHQFH RI DOWHUQDWLYH VSOLFLQJ FRQWDLQLQJ WKH SRO\PRUSKLVP
DV ZHOO DV SRSXODWLRQ IUHTXHQF\ GDWD 7KHVH UHVXOWV VXJJHVW
SRWHQWLDOO\ PDQ\ LQWURQLF SRO\PRUSKLVPV FRQWULEXWLQJ WR
VSOLFLQJ HIILFLHQF\ :KLOH QRQH VKRZHG VWURQJ HYLGHQFH RI
EHLQJH[SODQDWRU\RIDQ\OHDGLQJ*:$6KLWIXQFWLRQDOVWXGLHV
DQG VWXGLHV RI WKH ZLGHU UDQJH RI JHQHWLF LQIOXHQFHV LQ ERWK
SRO\JHQLFDQGPRQRJHQLFGLVHDVHZLOOEHQHFHVVDU\IXUWKHUWR
FODULI\ WKH LPSDFW RI 67(3V YDULDQWV :H DOVR GHYHORSHG D
GDWDEDVH DQG EURZVHU WR H[DPLQH UHFRPELQDWLRQDO DVZHOO DV
SK\VLFDO JHQH SUR[LPLW\ WR UHSRUWHG *:$6 KLWV 2I 
JHQHYDULDQW DVVRFLDWLRQV SXEOLVKHG  YDULDQWV ZHUH
GLVFRYHUHG ZKHUH UHFRPELQDWLRQ ZDV ORZHU EHWZHHQ WKH
LGHQWLILHGYDULDQWDQGDSK\VLFDOO\PRUHUHPRWHJHQHWKDQWKH
RQH LQLWLDOO\ UHSRUWHG KLJKOLJKWLQJ SRWHQWLDO IRU JHQRPLF













4XDQWLWDWLRQ RI P51$ H[SUHVVLRQ OHYHOV XVLQJ UHDOWLPH
UHYHUVH WUDQVFULSWLRQ3&5LV LQFUHDVLQJO\XVHG WRYHULI\'1$
PLFURDUUD\UHVXOWVDQGWRLQYHVWLJDWHWKHSK\VLRORJLFDOFKDQJHV
LQ JHQH H[SUHVVLRQ SHUWLQHQW WR UHVLGXDO WXPRUV RU PLQLPDO
UHVLGXDO GLVHDVH  6HYHUDO PDWKHPDWLFDO PRGHOV ZHUH
GHYHORSHG IRU FRPSXWLQJ WKH UHODWLYH H[SUHVVLRQ UDWLR RI D
WDUJHWJHQHYHUVXVD UHIHUHQFH KRXVHNHHSLQJJHQHDQG WKHVH
PRGHOV ZHUH EDVHG RQ QRUPDOL]DWLRQ RI GLIIHUHQFHV LQ
WKUHVKROG F\FOHV &7 LQ WHVW DQG FRQWURO VDPSOHV  7KHVH
PRGHOV DUH PRUH UHOLDEOH LQ UHDOWLPH 3&5 HPSOR\LQJ JHQH
VSHFLILFIOXRUHVFHQWSUREHVZKHUHIOXRUHVFHQFHLVDIXQFWLRQRI
DPSOLFRQFRS\QXPEHU+RZHYHUDFUXFLDOSUREOHPH[LVWV LQ
UHODWLYH TXDQWLILFDWLRQ RI JHQH H[SUHVVLRQ E\ UHDOWLPH 3&5
HPSOR\LQJWKHLQWHUFDODWLQJ6<%5*UHHQ,IOXRUHVFHQWG\HWKDW
ELQGVWRGRXEOHVWUDQGHG'1$,QWKLVFDVHQRWRQO\DPSOLFRQ
FRS\ QXPEHU EXW DOVR DPSOLFRQ OHQJWK DQG QRQVSHFLILF
DPSOLILFDWLRQ SURGXFWV FRQWULEXWH WR WKH RYHUDOO IOXRUHVFHQFH




*UHHQ G\H  &RQVLVWHQW ZLWK 3&5HIILFLHQF\ FRUUHFWLRQ WKLV
QHZ PRGHO UHOLHV RQ D FRUUHFWLRQ IDFWRU WR FRUUHFW IRU WKH
YDULDWLRQLQDPSOLFRQOHQJWK7KLVFRUUHFWLRQKDVEHHQSURYHG
XVHIXO IRU TXDQWLI\LQJ ORZ JHQH H[SUHVVLRQ OHYHOV DQG IRU
















:LWK WKH DGYHQW RI PLFURDUUD\ WHFKQRORJ\ WKHUH KDV EHHQ D
VXEVWDQWLDO SURJUHVV LQ JHQH H[SUHVVLRQ VWXGLHV 8VLQJ RI
PLFURDUUD\ WHFKQRORJ\ XQOLNH RWKHU SUHYLRXV PHWKRGV WKDW
KDYH VWXGLHGRQO\RQHJHQHDOORZVXV WR VXUYH\ WKRXVDQGVRI
JHQHVVLPXOWDQHRXVO\2Q WKHRWKHUKDQG WKLV WHFKQRORJ\KDV
JHQHUDWHGJUHDWDPRXQWVRIGDWDZKLFKQHHGHGWREHDQDO\]HG
2QH ZD\ RI DQDO\]LQJ WKLV GDWD LV ELFOXVWHULQJ ZKLFK KHOSV
HUGO J (2011) 5:1–346 183
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ZLWK HDFK RWKHU VR QRUPDOO\ ZH QHHG D PXOWLREMHFWLYH




*UDYLWDWLRQDO 6HDUFK $OJRULWKP ZKLFK LV EDVHG RQ VZDUP
LQWHOOLJHQFHLQGHDOLQJZLWKGDWDFOXVWHULQJ7KLVDOJRULWKPZDV
LQVSLUHG E\ WKH QRWLRQV RI PDVV JUDYLW\ DQG JUDYLWDWLRQDO
IRUFHV ,Q WKLV DOJRULWKP D VHW RI DJHQWV PDVVHV VHDUFK WKH
VSDFH UDQGRPO\ DQG HDFK DJHQW DIIHFWV RWKHU DJHQWV
SURSRUWLRQDO WR LWV PDVV DQG GLVWDQFH WR RWKHU DJHQWV 7KH
LQLWLDO QXPHULFDO UHVXOWV JDLQHG WKURXJK WKLV DOJRULWKPRQ WKH



















REVWUXFWLYH SXOPRQDU\ GLVHDVH DQG ORZHU UHVSLUDWRU\ WUDFW
LQIHFWLRQV 57,V ZLOO UDQN WKLUG DQG IRXUWK DPRQJ GHDWK
FDXVHV 0DMRU YLUDO SDWKRJHQV RWKHU WKDQ LQIOXHQ]D $
FRQWULEXWLQJ WR 57,V DUH KXPDQ UKLQRYLUXV 59 DQG KXPDQ
UHVSLUDWRU\ V\QF\WLDO YLUXV 569 %RWK YLUXVHV LQGXFH SUR
LQIODPPDWRU\PHGLDWRUVRIOXQJHSLWKHOLDOSDWKZD\V2IWHQLWLV
WKHKRVWUHVSRQVHWRWKHLQIHFWLRQUDWKHUWKDQWKHF\WRSDWKLFLW\
RI WKH YLUXV WKDW OHDG WR ORZHU 57,V DQG H[DFHUEDWLRQ RI
DVWKPD/DFNRIDSSURYHGYDFFLQHVDQGOLPLWHGDYDLODELOLW\RI
DQWLYLUDO GUXJV UHTXLUH QHZ VWUDWHJLHV IRFXVLQJ RQ WKH
VXSSUHVVLRQRILQIODPPDWLRQDQGYLUDOPDWXUDWLRQSURFHVV7KH
ODWWHU LV DFFRPSDQLHG E\ KRVW SODVPD PHPEUDQHV
UHDUUDQJHPHQWV DQG DOWHUDWLRQV LQ OLSLG FRQWHQW 6LQFH WKH
PROHFXODU PHFKDQLVPV DUH SRRUO\ XQGHUVWRRG ZH VWDUWHG WR
H[DPLQH GLIIHUHQFHV LQ PROHFXODU SDWKZD\V RI LQ YLWUR KRVW
UHVSRQVHVDVZHOODVGLIIHUHQFHV LQ UHVSRQVH WR59DQG569
+HUH ZH UHSRUW D 5%LRFRQGXFWRU DQDO\VLV RI UHOHYDQW KRVW
JHQHVE\569LQIHFWLRQXVLQJJHQRPHZLGH+*83OXV
WHPSRUDO JHQH H[SUHVVLRQ SURILOHV WR LPSURYH WKH
XQGHUVWDQGLQJRI569LQIHFWLRQG\QDPLFVDQGSDWKZD\FURVV
WDON DVVRFLDWHG ZLWK 569PHGLDWHG OLSLG UDIW PLFURGRPDLQ
FKDQJHV 0IX]] FOXVWHUV ZLWK VLJQLILFDQWO\ XSUHJXODWHG
WUDQVFULSWV LQ HDUO\ SKDVHV RI LQIHFWLRQ ZHUH DV H[SHFWHG
DVVRFLDWHGZLWKF\WRNLQHUHFHSWRUVLJQDOLQJSHSWLGHWUDQVSRUW
SURWHLQ NLQDVH SKRVSRULODWLRQ WUDQVFULSWLRQ IDFWRU UHJXODWLRQ
DPRQJ RWKHUV )RU H[DPSOH &'& DQG RWKHU 0SKDVH
DVVRFLDWHG WUDQVFULSWVZHUHGRZQUHJXODWHG LQHDUO\SKDVHVRI
LQIHFWLRQ PLJKW EH WKH UHVXOW RI 569LQGXFHG S 0$3.
DFWLYDWLRQ ,Q ODWHU SKDVHV JHQHV DVVRFLDWHG ZLWK *ROJL
WUDQVSRUW YHVLFOH FRDWLQJ SURFHVVHV VWHURO DQG FKROHVWHURO
ELRV\QWKHVLV LQFOXGLQJ WUDQVFULSWLRQ IDFWRU 65(%) DQG
SHUR[LVRPDO PHPEUDQH ORFDOL]HG $%& WUDQVSRUWHUV ZHUH
VLJQLILFDQWO\ HQULFKHG 7KH REVHUYHG FRQYHUJHQFH RI WKHVH


















0XVWDUG JDV GXULQJ WKH ,UDT ,UDQ ZDU (\HV DUH WKH PRVW
YXOQHUDEOHRUJDQVWRVXOIXUPXVWDUGJDV'U\H\HLVDSUHYDOHQW
FKURQLF FRPSOLFDWLRQ LQ WKHVH SDWLHQWV ,Q OHVV WKDQ  RI
SDWLHQWVZLWKEDWWOHILHOGH[SRVXUHWRVXOIXUPXVWDUGDGHOD\HG
W\SH RI XOFHUDWLYH NHUDWRSDWK\ PD\ GHYHORS OHDGLQJ WR ODWH
DUULYDO EOLQGQHVV 7KHUH LV PXFK HYLGHQFH WR VXJJHVW WKDW
003V SOD\ D YLWDO UROH LQ VHYHUDO SK\VLRORJLFDO DQG
SDWKRORJLFDO SURFHVVHV 7KH SXUSRVH RI WKLV VWXG\ ZDV WR
FRPSDUH WKH OHYHOV RI 003   DQG  LQ WHDU IOXLG RI
SHRSOH H[SRVHG WR PXVWDUG JDV FRPSDUHG WR QRUPDO JURXS
9DULRXV ELRFKHPLFDO UHDFWLRQV DQG DOWHUDWLRQV LQ '1$
VWUXFWXUH FDQ H[SODLQ F\WRWR[LF DQG PXWDJHQLF SURSHUWLHV RI
VXOIXU PXVWDUG 7KLV VWXG\ LV SHUIRUPHG LQ %DTL\DWDOODK
+RVSLWDO7HKUDQ,UDQLQDQG,QWKLVVWXG\RISDWLHQWV
ZKR ZHUH H[SRVHG WR PXVWDUG JDV DQG KDG FKURQLF GU\ H\H
V\PSWRPV ZHUH FRPSDUHG WR  SDWLHQWV DV FRQWURO JURXS
FRQVLVWLQJ RI  SHRSOH ZKR KDG FRPPRQ FKURQLF GU\ H\H




SHUIRUPHG ZLWK FRPPHUFLDO NLWV 5D\ %LRWHFK *HUPDQ\
DFFRUGLQJWRWKHPDQXIDFWXUHUµVSURWRFRO7KHUHVXOWVIRUOHYHOV
RI 0033  DQG 003 3  LQ WHDU IOXLG RI
SDWLHQWVLQFRPSDULVRQZLWKQRUPDOJURXSGRQRWLQGLFDWHDQ\
VLJQLILFDQWGLIIHUHQFH2QWKHRWKHUKDQGWKHFDOFXODWHGOHYHOV
IRU 0033  DQG 003 3  LQ WHDU IOXLG RI
SDWLHQWVLQFRPSDULVRQZLWKQRUPDOJURXSVKRZVDVLJQLILFDQW
LQFUHDVH 7KH HIIHFWV RI H[SRVXUH WR PXVWDUG JDV RQ H\HV RI
FKHPLFDOLQMXUHG YHWHUDQV GHVWUR\ PHLERPLDQ JODQGV ZKLFK
SDYHV WKHZD\ IRU HYDSRUDWLYHGU\H\H$V D UHVXOW003V LQ
WHDU IOXLGRI WKHVHSDWLHQWV LQFUHDVHZKLFKHYHQWXDOO\HOHYDWHV
WKH 003V OHYHOV LQ WHDU IOXLG DQG UHVXOWV LQ ODWHU H\H
LPSDLUPHQWV
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H[DPSOH NQRZOHGJH IURP WKHJHQHWLF LQWHUDFWLRQGDWD FDQEH
XVHG WR GLVFRYHU SDWWHUQV LQ GLVHDVH GLIIXVLRQ SURFHVVHV
WKURXJKVRFLDOLQWHUDFWLRQVRU&1$FDQEHXVHGWRLQYHVWLJDWH
WKH HIIHFWV H[SHFWHG IURP GLVHDVHG JHQRW\SHV RQ VRFLDO
QHWZRUNV  &1$ FDQ EH XVHG WR VWXG\ FRUUHODWLRQV EHWZHHQ
JHQHWLF DQG GLVHDVH QHWZRUNV DV ZHOO  +RZHYHU WR FRUUHODWH
PDQ\ W\SHV RI LQWHUDFWLRQ GDWD WKHUH LV D GHDUWK RI SXEOLFO\
DYDLODEOH UHOLDEOH GDWD 7KHUH DUH WZR DUHDV RI FRPSOH[
QHWZRUNV LH FRPSOH[ QHWZRUN JHQHUDWLRQ DQG FRPSOH[
QHWZRUN DQDO\VLV  7KH YHULILFDWLRQ YDOLGDWLRQ DQG VWXG\ RI
ERWK RI WKHPDUH VROHO\GHSHQGHQW RQ WKH XQGHUO\LQJ GDWD RQ
ZKLFK WKH\ DUH H[HFXWHG +RZHYHU WKH VFDUFH DQG GLVSHUVHG
GDWDVRXUFHVRIFRPSOH[QHWZRUNVRQZRUOGZLGHZHEDFWDVD
ERWWOHQHFNWRWKHUHVHDUFKSURFHVVDQGVORZGRZQWKHSDFHRI
UHVHDUFK  )XUWKHU FRPSOH[LW\ DULVHV VLQFH PRVW UHVHDUFK
VWXGLHV JLYH SDUWLDO DFFHVV WR GDWD LQ WKH IRUP RI GLIIHUHQW
DQDO\WLFDO SDUDPHWHUV DQG DQDO\]H GDWD LQ WDEXODU IRUPDWV
LPDJHV RU VXSSOHPHQWDU\ PDWHULDOV HWF  7KH SUHVHQW VWXG\
FRQGXFWHG D UHYLHZ RI WKH FXUUHQW FRPSOH[ QHWZRUN GDWD
VRXUFHV ZLWK D IRFXV RQ WKH TXDQWLWDWLYH WRROV RI QHWZRUN
WKHRU\ XVHG WR XQUDYHO YDULRXV GLVHDVH VSUHDG QHWZRUNV :H




KDYH VRPH SXEOLFO\ DFFHVVLEOH YHUVLRQV RI GDWD XVHG LQ HDFK
VWXG\ 7KHVH UHSRVLWRULHV KDYH VSHFLDO FRQWUDFWV DQG SROLFLHV
ZLWKWKHDXWKRUVRIWKHVWXGLHVWKDWDSSO\WRWKHLUPRGLILFDWLRQ
RUXVDJHLQIXWXUHE\RWKHUSHRSOHDVZHOO7KHVHFRQGW\SHRI
UHSRVLWRU\ LQFOXGHV QXPHURXV FRPSOH[ QHWZRUN FHQWHUV
DVVRFLDWHG ZLWK XQLYHUVLWLHV DQG VFKRODUV RI GRPDLQV ZKLFK
SURYLGH OLPLWHG DFFHVV WR VHOHFWHG VWXGLHV WKURXJK RQOLQH
HVWDEOLVKHG ODEV DQG GDWDEDVHV  7KH WKLUG W\SH RI UHSRVLWRU\




ORQJ SHULRGV RI WLPH VXFK DV WKH )UDPLQJKDP +HDUW 6WXG\
ZKLFKFDQSURYHKHOSIXOLQDQXPEHURIVWXGLHV6PDOOVWXGLHV
KDUGO\ KDYH WKHLU GDWD DFFHVVLEOH EXW ZH IRXQG WKDW ODUJH
VXUYH\VWXGLHVGLGRIIHUDFFHVVLELOLW\WKURXJKRQOLQHFRQWDFWYLD
DSSOLFDWLRQ IRUPV HWF DQG SURSHU DFNQRZOHGJHPHQW  +HUH
ZH SURYLGH DQ LQWHJUDWHG VRXUFH RI FXUUHQW FRPSOH[ QHWZRUN
GDWD VRXUFHV WR LQFUHDVH WKH SDFH RI UHVHDUFK LQ WKH GRPDLQ
6LQFHPRVWRIWKHVWXGLHVGRQRWPDNHDYDLODEOHWKHLUUHVHDUFK
GDWD ZH VXJJHVW WKDW VRPH SXEOLF YHUVLRQ RI GDWD PXVW EH
PDGH DFFHVVLEOH ZLWK D SURSHU DFNQRZOHGJHPHQW SROLF\
)LQDOO\ RXU DQDO\VLV UHYHDOV WKDW FOXVWHULQJ DQDO\VLV GHJUHH















KDYH FRQILUPHG WKLV WR EH VOLJKWO\ OHVV WR DURXQG 
LGHQWLW\ 7KLV UHVHDUFK XQUDYHOV IXUWKHU GLVFRYHU\ WKDW WKH




DV WR ZK\ VRPH LQGLYLGXDO DUH PRUH SURQH WR GLVHDVHV WKDQ
RWKHUV ZK\ VRPH LQGLYLGXDOV KDYH QR RU UHGXFHG HIIHFW RQ
GUXJV ZKLOH VRPH DUH LQFXUDEOH 7KH ZRUN SUHVHQWV D
ELRLQIRUPDWLFV WRRO GHYHORSHG FDOOHG *HQRPH%UHDN ZKLFK
KDQGOHV JHQRPH ZLGH YDULDWLRQ GHWHFWLRQ UREXVWO\ GRLQJ
H[WHQVLYH FDOFXODWLRQV ZKLFK ZRXOG RWKHUZLVH WDNH \HDUV WR
LQYHVWLJDWHLQRUGHURIIHZGD\VSORWWLQJWKHYDULDWLRQLQDPDS
IRU IXUWKHU GHGXFWLRQ1RZ WKDW VHTXHQFLQJ RIJHQRPHVKDYH
EHFRPH UHODWLYHO\ FKHDSHU E\ WKH DGYHQW RI LQH[SHQVLYH
WHFKQRORJLHV WKH ERWWOHQHFN OLHV PRUH LQ WKH DQDO\VLV RI WKH

















7KH SXUSRVH RI WKH VWXG\ LV WR UHYHDO WKH VWUHQJWK RI WKH
UHODWLRQVKLSEHWZHHQJHQHH[SUHVVLRQOHYHODQGWKHLUPROHFXODU
IXQFWLRQVELRORJLFDOSURFHVVHVDQGFHOOXODUFRPSRQHQWVWHUPV
GHVFULEHG LQ *HQH 2QWRORJ\ GDWDEDVH LQ FRPSDULVRQ ZLWK
RWKHU JHQHV LQYROYHG LQ DQDO\]HG IHDWXUH HJ GLVHDVH 7KH
VWXG\ LV EDVHG RQ WKH GDWD REWDLQHG IURP PLFURDUUD\
H[SHULPHQWVVWRUHGLQ*HQH([SUHVVLRQ2PQLEXVGDWDEDVHDQG
WKH UHODWLRQVKLS EHWZHHQ IHDWXUHV RI JHQH DQG LWV SURGXFW
,QIRUPDWLRQDERXW WKHH[SUHVVLRQOHYHORIVSHFLILHGJHQHVDQG
WKHLU *2 GDWDEDVH IHDWXUHV DOORZV PDNLQJ D FRPSDULVRQ
EHWZHHQFRQWURODQGDIIHFWHGJURXSVHJDIIHFWHGJURXSZLWK
PXVFXODU G\VWURSK\ 7KH FDOFXODWLRQ LV FDUULHG RXW E\ WKH
DSSOLFDWLRQ RI =DVVRFLDWLRQ FRHIILFLHQW =FRUUHODWLRQ
PHDVXUHPHQWH[SUHVVHV WKHGHSHQGHQFHEHWZHHQ WZR IDPLOLHV
RI HYHQWV $M DQG %L ZKHUH $M JHQHV RU JURXS RU JHQHV
FOXVWHUV DQG %L HJ VWDJHV RI GLVHDVH 7KH FRHIILFLHQW LV
GHILQHGRQWKHEDVLVRIWKHGHSHQGHQWHYHQWVSUREDELOLWLHVDQG
JLYHV LQIRUPDWLRQ DERXW GHSHQGHQFH EHWZHHQ SDUWLFXODU JHQH
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DQG VWDJHV HJ GLVHDVH RU SURFHVV 7KLV PHDVXUH FDQ KHOS
UHYHDO GHSHQGHQFHV WKDW ZHUH GLIILFXOW WR GLVFRYHU IRUPHUO\
7KLV DSSURDFK ZDV DSSOLHG DOVR LQ RWKHU JHQRPH DQDO\VLV
([SHULPHQWDOSURFHGXUHFRQVLVWV UHWULHYDORI WKHVWUHQJWKRI
JHQH FRQQHFWLRQ ZLWK SDUWLFXODU IHDWXUH )XQFWLRQ 3URFHVV
&RPSRQHQW IURP *3/ ILOH WDNHQ IURP *HQH ([SUHVVLRQ
2PQLEXV GDWDEDVH  UHWULHYDO RI JHQH H[SUHVVLRQ OHYHO IURP
*'6ILOHFRXQWLQJWKHDYHUDJHJHQHH[SUHVVLRQEDVHGRQWKH
VDPSOHV IRU DIIHFWHG DQG XQDIIHFWHG VHSDUDWHO\ 
)XQFWLRQ3URFHVV&RPSRQHQW JHQH FRQWLQJHQF\ WDEOHV
H[SUHVVLQJWKHLQIOXHQFHRIJHQHRQVSHFLILHGIHDWXUHFUHDWLRQ
=FRHIILFLHQWLVXVHGWRFRPSXWHWKHGDWDFRPSDULQJGDWDDQG
H[WUDFWLRQ RI WKH GLIIHUHQFHV EHWZHHQ FRQWURO DQG DIIHFWHG
JURXSVVWUHQJWKRI WKHUHODWLRQVKLSEHWZHHQJHQHH[SUHVVLRQ
OHYHO DQG WKH IHDWXUHV GHVFULEHG LQ *HQH 2QWRORJ\ GDWDEDVH
DVVHVVPHQW 7KH VWXG\ SURYLGHV WKH DOJRULWKP IRU IXUWKHU
LQYHVWLJDWLRQRI WKH LQIOXHQFHRI WKHJHQHH[SUHVVLRQ OHYHORQ
)XQFWLRQ 3URFHVV RU &RPSRQHQW 7KLV DSSURDFK DOORZV
LGHQWLILFDWLRQ RI WKH FKDUDFWHULVWLFV RI JHQH SURILOH DVZHOO DV
WKRVH JHQHV ZLWK WKH VWURQJHVW LQIOXHQFH RQ WKH H[DPLQHG
IHDWXUH KLJK OHYHO RI H[SUHVVLRQ GRHV QRW PHDQ KLJK
FRUUHODWLRQ ZLWK DQDO\]HG IHDWXUH &DOFXODWLRQ SURFHGXUH
ZKLFKLVEDVHGRQWKHUHDOH[SUHVVLRQGDWDLVH[SHFWHGWRJLYH


















' SURWHLQ PRGHOV 6HFRQGDU\ DLP LV FDUULHG RXW E\
SUHOLPLQDU\VFUHHQLQJRI WKHGDWDVHWZKLFK LVFRQQHFWHGZLWK
JHQHXQGHUO\LQJWKHFDQFHUSURFHVVLQWKLVH[DPSOH,WUHYHDOV
SURWHLQ UHJLRQV VHFRQGDU\ VWUXFWXUHV GRPDLQV ZKLFK DUH
HQFRGHG E\PRUH WKDQ RQH H[RQ 3UHVHQWHG WRRO SURYLGHV WKH
IROORZLQJ IHDWXUHV  FRORUFRGHG JUDSKLFDO GLVSOD\ RI WKH
SURWHLQVVWUXFWXUHVHFRQGDU\VWUXFWXUHVDQGGRPDLQVLQ'LV
FRUUHODWHGZLWK WKHFRUUHVSRQGLQJH[RQV YLVXDOL]DWLRQRI WKH
H[RQLQWURQ VWUXFWXUH RI JHQH ZKLFK FRGHV WKH SURWHLQ ZLWK
XQNQRZQ ' VWUXFWXUH $OJRULWKP RI SURFHGXUH VWHSV D
REWDLQLQJ H[RQV SDUWV IURP QXFOHRWLGH VHTXHQFHV WDNHQ IRUP
*HQ%DQN JE DQG FRUUHFWHG E\ &'6 SDUDPHWHU E
FRPSDULQJ DPLQR DFLG VHTXHQFHV WDNHQ IRUP*HQ3HSW JS
ZLWKWKHVHTXHQFHIURPWKHSUHYLRXVVWHSIRUWKHFRQILUPDWLRQ
RI WKHLU FRPSDWLELOLW\ F UHYHDOLQJ WKH GLIIHUHQFHV EHWZHHQ
VHTXHQFHVIURPVWHSDDQGVHTXHQFHVUHFHLYHGIURPVWUXFWXUH
GDWD WDNHQ IURP 3URWHLQ 'DWD %DQN SGE E\ XVLQJ EOVHT
WRRO G GHWHUPLQDWLRQ RI VHFRQGDU\ VWUXFWXUH H OLVWLQJ RI
DPLQRDFLGVHTXHQFHVVHFRQGDU\VWUXFWXUHVDQGDVVLJQLQJH[RQ
QXPEHU WR SURSHU SRVLWLRQV RI H[DPLQHG VHTXHQFHV I
YLVXDOL]DWLRQRISURWHLQVZLWK H[RQVDV DXQLWRI'VWUXFWXUH
7KHUHDUHQXPHURXVZHEWRROVWKDWDULVHLQWKHFRQWH[WRIJHQH
VWUXFWXUH DQDO\VLV 0RVW RI WKHP DUH XQIRUWXQDWHO\ QRW
DFFHVVLEOH RU GR QRW ZRUN IRU WKH QHZ VWUXFWXUH RI SURWHLQV
3UHVHQWHG WRRO LVHDV\ WRXVHDQGFDQEHGRZQORDGHG IRU IUHH
KWWSZZZELRLQIRUPDWLFVFPXMNUDNRZSO 3UHOLPLQDU\























$OLJQPHQW RI ELRORJLFDO VHTXHQFHV LV D YHU\ XVHIXO WRRO IRU
FRQVHUYDWLRQDQDO\VLVLQELRORJ\DQGJHQRPHUHVHDUFK$OVRLW
FDQEHXVHG LQ VHDUFKLQJELRORJLFDO GDWDEDVHV DQGSUHGLFWLRQ
RI XQNQRZQ SURWHLQ VHTXHQFHV
 VWUXFWXUHIXQFWLRQ DQG LQ
EXLOGLQJ RI SK\ORJHQHWLF WUHHV RI VLPLODU '1$ RU SURWHLQ
VHTXHQFHV+RZHYHU SDLUZLVH DOLJQPHQW RI VHTXHQFHV LV RQH
RI WKH PRVW GLIILFXOW SUREOHPV LQ ELRORJ\ 6R IDU GLIIHUHQW
DSSURDFKHVKDYHEHHQLQWURGXFHGWRVROYHWKLVSUREOHP,QWKLV
SDSHU D &RQVWULFWHG 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ &362
PHWKRG XVHV FRQVWULFWLRQ FRHIILFLHQW LQ WKH IRUP RI LQWHJHU




HDFK LWHUDWLRQ LV XVHG DOVR LQHUWLD ZHLJKW SUHVHQWHG LQ QHZ
IRUP ZKLFK LV WXQHG E\ WZR SDUDPHWHUV N DQG Í 7KH
LPSRUWDQWSRLQWLVWKDWWKLV362UHTXLUHVQRH[SOLFLWOLPLWDWLRQ
DV XSSHU ERXQG9PD[ ,Q RXU SURSRVHG DSSURDFK EHVW VFRUH






JDS V\PERO DQG 
RQH
 KDV EHHQ XVHG LQVWHDG RI EDVH V\PEROV
VXFKDV$7&DQG*6RPHWKLQJWKDWVKRXOGEHPHQWLRQHG
LV QR EDVH V\PEROV VKRXOG EH RPLWWHG LQ XSGDWLQJ VWHS
WKHUHIRUH LQ HDFK LWHUDWLRQ DOLJQPHQW VROXWLRQV DUH FKHFNHG
ZKHWKHU VHTXHQFH RI DOO V\PEROV LQ WKH ELRORJLFDO VHTXHQFH
UHPDLQ LQ LQLWLDO IRUPDW RU QRW 8VLQJ SURSRVHG DSSURDFK
UHVXOWV VKRZ WKDW WKLV DOJRULWKP FDQ SUHVHQW YHU\ TXLFN DQG
SUHFLVH VROXWLRQV DOVR LW LV SUHGLFWHG WKDW LW FDQ EH XVHG IRU
0XOWLSOH6HTXHQFH$OLJQPHQW06$













FRQVWUXFWHG GLDJUDPV RI WKH FKURPRVRPDO '1$ FOHDYDJH DW
GLIIHUHQWVKRUW'1$VHTXHQFHVZKLFKDUHUHFRJQLWLRQVLWHVRI
NQRZQ UHVWULFWLRQ HQGRQXFOHDVHV &RPSDULVRQ RI WKH
FDOFXODWLRQGDWD DQGSDWWHUQVRI KXPDQ'1$K\GURO\VLVZLWK
UHVWULFWLRQ HQ]\PHV KDV VKRZQ D YHU\ JRRG FRLQFLGHQFH RI
WKHRUHWLFDO DQG H[SHULPHQWDO UHVXOWV $QDO\VLV RI WKH '1$
FOHDYDJHGLDJUDPVKDVVKRZQWKDWYLVLEOHEDQGVLQSDWWHUQVRI




ZHOO FKDUDFWHUL]HG UHSHWLWLYH HOHPHQWV LQ KXPDQ JHQRPH $
WRWDO QXPEHU RI$OX UHSHWLWLYH HOHPHQWV LQ KXPDQ JHQRPH LV
DERXW  ,Q RXU ZRUN ZH KDYH FRQVWUXFWHG D GDWDEDVH RI
DOLJQHG $OX UHSHDWV ZKLFK FRQVLVWV RI  WKRXVDQG
VHTXHQFHV DQG DERXW  PLOOLRQ ESV :H KDYH SURSRVHG D
PHWKRGRIUHVWULFWLRQDQDO\VLVRIDOLJQHG$OXUHSHDWVZKLFKLV
PXFKHDVLHUWKDQDVWXG\RIZKROHKXPDQJHQRPH!ELOOLRQ
ESV LQ OHQJWK'HYHORSHG VRIWZDUHDOORZVFDUU\LQJRXW'1$
FOHDYDJHFDOFXODWLRQRQVWDQGDUG3&IRUVHYHUDOKRXUVDQGWKH
REWDLQHG UHVXOWVZHOOFRUUHVSRQG WR WKH WKHRUHWLFDOSDWWHUQVRI



















KDV SURYLGHG UHVHDUFKHUVZLWK XQSUHFHGHQWHG RSSRUWXQLWLHV WR
DGGUHVV PDQ\ LPSRUWDQW ELRPHGLFDO SUREOHPV /DUJHVFDOH
UHVHTXHQFLQJ SURMHFWV HJ  *HQRPHV 7&*$ DQG (63
HWF KDYH EHHQ LQLWLDWHG WR H[WHQG RXU NQRZOHGJH RI VLQJOH
QXFOHRWLGH SRO\PRUSKLVPV 613V VKRUW LQVHUWLRQVGHOHWLRQV
,1'(/V DQG VWUXFWXUDO YDULDWLRQV 69V DQG UHODWH WKHVH
YDULDQWV WR KXPDQ GLVHDVHV 7KH DPRXQW RI 1*6 GDWD
VXEPLWWHG WRSXEOLF UHSRVLWRULHV VXFKDV6KRUW5HDG$UFKLYHV
65$ LV JURZLQJ H[SRQHQWLDOO\ DQG VXEPLVVLRQV UHSUHVHQW D
ZLGH DUUD\ RI WHFKQRORJ\ SODWIRUPV DQG VHTXHQFH FROOHFWLRQ
VWUDWHJLHV 7R SURFHVV DQG DQDO\]H VXFK HQRUPRXV GDWD ZLWK
FRPSOH[LW\ IRU YDULDWLRQ GHWHFWLRQ LQ D XQLIRUP DQG HIILFLHQW
PDQQHU LV D FKDOOHQJH UHTXLULQJ D VWDQGDUG SLSHOLQH ,Q
FROODERUDWLRQ ZLWK LQYHVWLJDWRUV DW %RVWRQ &ROOHJH DQG WKH
8QLYHUVLW\ RI 0LFKLJDQ 1&%, FRQWLQXHV WR GHYHORS D
IUDPHZRUN9DULDWLRQ'LVFRYHU\DQG$QQRWDWLRQ3LSHOLQH7KH
SLSHOLQH JHQHUDWHV TXDOLW\ LQSXW VHTXHQFH GDWD IURP 65$
FKHFNVVDPSOH LGHQWLWLHVDOLJQV WKHUHDGGDWDZLWK WKHKXPDQ
UHIHUHQFH JHQRPH VHTXHQFHV UHILQHV WKHPDSSLQJ  RI SODFHG
UHDGV EDVHTXDOLW\ UHFDOLEUDWLRQDQGGXSOLFDWHPDUNHWF DQG
FDOOV 613V ,1'(/V DQG 69V DFFRUGLQJ WR GDWD DYDLODELOLW\
DQGSURMHFWVSHFLILFSROLFLHV$FHQWUDOO\LPSOHPHQWHGSLSHOLQH
VWUHDPOLQHV WKH GDWD SURFHVVLQJ ZRUNIORZ IRU WKH GDWD
JHQHUDWHG E\ QH[WJHQHUDWLRQ VHTXHQFLQJ WHFKQRORJLHV
&XUUHQWO\ WKLV 1,+EDVHG SLSHOLQH KDV EHHQ XVHG IRU
















(XUDVLDQ (($ DQG ZHVW (XUDVLDQ :($ LQGLFDWLQJ D
SRVVLEOH VFHQDULR RI ELRORJLFDO DGPL[WXUH EHWZHHQ DOUHDG\
GLIIHUHQWLDWHG (($ DQG :($ SRSXODWLRQV +RZHYHU WKHLU
FRPSOH[ ELRORJLFDO RULJLQ DQG JHQRPLF PDNHXS DV ZHOO DV
JHQH IORZ IURP VXUURXQGLQJ SRSXODWLRQV RYHU WKH SDVW
PLOOHQQLXPDUHQRWZHOOXQGHUVWRRG,QWKHDWWHPSWWRGHFLSKHU
WKHLUJHQHWLFVWUXFWXUHDQGSRSXODWLRQKLVWRU\ZHFRQGXFWHGWR
RXU NQRZOHGJH WKH ILUVW JHQRPHZLGH VWXG\ RI WKH .D]DNKV
UHVLGLQJ LQ ;LQMLDQJ $QDO\VLV ZDV SHUIRUPHG XVLQJ RYHU
 JHQRPHZLGH VLQJOH QXFOHRWLGH SRO\PRUSKLVPV
613V DQG  FRS\ QXPEHU SRO\PRUSKLVPV &13V LQ 
XQUHODWHG .D]DNKV DQG PDGH FRPSDULVRQV ZLWK ZRUOGZLGH
SRSXODWLRQV:HVKRZWKDW.D]DNKVDUHJHQHWLFDOO\GLVWLQFWLYH
IURP 8\JKXUV LQ WHUPV RI WKHLU RYHUDOO JHQRPLF PDNHXS
DOWKRXJK ERWK SRSXODWLRQV VKRZLQJ VXEVWDQWLDO DGPL[WXUH RI
(($ DQG :($ DQFHVWULHV %DVHG RQ JHQRPHZLGH UDQGRP
PDUNHUV DQG DQFHVWU\ LQIRUPDWLYH PDUNHUV $,0V WKH
DQFHVWU\ FRQWULEXWLRQV LQ.D]DNKVZHUH HVWLPDWHG WR EH 
IURP (($ DQG  IURP :($ UHVSHFWLYHO\ 2QO\ PRGHVW
YDULDWLRQ LQ DGPL[WXUH SURSRUWLRQV ZDV REVHUYHG DPRQJ





FRQVLGHUHG DV DQ DGPL[HG SRSXODWLRQ E\ JHQRPLF PDNHXS
DQG WKH DGPL[WXUH IHDWXUHV RI.D]DNKV KROG JUHDW SURPLVH WR
DSSOLFDWLRQVRIDGPL[WXUHPDSSLQJDQGDGYDQFHJHQHWLFEDVHG
PHGLFDO UHVHDUFK :H ILQDOO\ FRQVWUXFWHG D JHQRPHZLGH
DGPL[WXUHPDSZLWKDQFHVWU\LQIRUPDWLYH613VDQG&19VIRU
JHQH GLVFRYHU\ XVLQJ DGPL[WXUH PDSSLQJ LQ .D]DNKV

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$O]KHLPHUµV GLVHDVH $' LV WKH PRVW FRPPRQ IRUP RI
QHXURGHJHQHUDWLYH GHPHQWLD DQG DIIHFWV XS WR  PLOOLRQ
SHRSOHZRUOGZLGH$OWKRXJKQRVLQJOHFDXVHRI$'KDVEHHQ
LGHQWLILHG UHFHQW UHVHDUFK KDV VXJJHVWHG WKDW VHYHUDO
SDWKRJHQHWLFIDFWRUVLQIOXHQFHULVNDQGH[SUHVVLRQ7KHDLPRI
WKH VWXG\ ZDV WR LQYHVWLJDWH WKH DVVRFLDWLRQ EHWZHHQ
DSROLSRSURWHLQ ( $SR ( PHWK\OHQHWHWUDK\GURIRODWH
07+)5JHQRW\SHV DQG OLSLGV DV ULVN IDFWRUV IRU$O]KHLPHU
GLVHDVH $' LQ D SRSXODWLRQEDVHG &URVVVHFWLRQDO VWXG\ RI
DJHLQJOLYLQJLQ&RQVWDQWLQH$OJHULD2IDQRULJLQDOVDPSOHRI
 UHIHUUDOV WR D QHXURORJ\ FOLQLF VSHFLDOL]LQJ LQ PHPRU\
GLVRUGHUVZHUHJLYHQDGLDJQRVLVRI$'PHDQDJH
\HDUVPHDQ006(DFFRUGLQJWR'60,9
1,1&'6 ± $'5'$ FULWHULD DQG  FRJQLWLYHO\ QRUPDO
VXEMHFWVFRQWUROJURXSPHDQDJH\HDUV$SR(
DQG 07+)5 JHQH ZHUH DPSOLILHG E\ SRO\PHUDVH FKDLQ
UHDFWLRQ 3&5 LQ D '1$ WKHUPDO F\FOHU *HQLXV XVLQJ
UHVSHFWLYHO\ WKH IRUZDUG 











 $EEDWH HW DO
7KH$SR(DOOHOHIUHTXHQFLHVRI$'FDVHVDQGFRQWUROV
ZHUHYVIRUİYVIRUİDQG
YV  IRU İ 7KH $' SDWLHQWV FRPSDUHG ZLWK FRQWUROV
VXEMHFWV KDG VLJQLILFDQWO\ KLJKHU PHDQ RI 7RWDO &KROHVWHURO




PJGO S LQ ZRPHQ UHVSHFWLYHO\ ZKHUHDV WKH
WULJO\FHULGHV PHDQ YDOXHV ZHUH QR VLJQLILFDQW LQ RXU VWXG\
SRSXODWLRQ 7KH FDUULHUV RI DOOHOH İ DQG İİ VXEMHFWV
FRPSDUHG ZLWK İİ DUH DVVRFLDWHG ZLWK DQ LQFUHDVHG
LQFLGHQFHRI$'ZLWKRGGVUDWLRRI>&,WR@
SDQG>&,WR@SUHVSHFWLYHO\
7KHVH UHVXOWV LQGLFDWHG WKDW$'SDWLHQWVZLWK$32(İDOOHOH
KDYH D GLVWLQFW SODVPD OLSLG SURILOH DQG FDUULHU RI WKLV DOOHOH
ZLWKKLJK7&/'/&DQGORZOHYHOVRI+'/&PD\EHPRUH
VXVFHSWLEOH WR $'  1R VLJQLILFDQW DVVRFLDWLRQ RI 07+)5













SUHYDOHQFH RI WKH % DQWLJHQ DPRQJ KHDOWK\ (PLUDWL $UDEV
8$(QDWLYHVDQGFRPSDUHLWWRRWKHUVUHSRUWHGLQLQGLYLGXDOV
IURP WKH UHVW RI WKH $UDE ZRUOG ,W DOVR H[WHQGV WR WKH
UHOHYDQFHWRDQN\ORVLQJVSRQG\OLWLV$67KHDQWLJHQZDVUDUH
LQDQGVXUYH\VIURPUHYHDOHGWKDW LW
KDG UHPDLQHG DV VXFK SUHYDOHQFH   S  7KLV
H[FHHGLQJO\UDUHDQWLJHQVXEVHTXHQWO\UHIOHFWHGRQWKHSDXFLW\
RI%YH$6FDVHVWRR+RZHYHUWKHDQWLJHQZDVSUHVHQWLQ
  DQG LQ    LQ RWKHU KHDOWK\ $UDE
H[SDWULDWHV IURP WKH (DVWHUQ0HGLWHUUDQHDQ UHJLRQ 3  
DQG LQDQGS LQ WKHKHDOWK\$VLDQH[SDWULDWHVLQ
WKHVH WZR SRSXODWLRQV UHVSHFWLYHO\ ,Q DOO SDWLHQWV ZLWK
VSRQG\ORDUWKURSDWKLHV WKH DQWLJHQZDVSUHVHQW LQRI WKH
(PLUDWLV  RQH RI ZKLFK ZDV D %YH $6  
 LQ H[SDWULDWH $UDE SDWLHQWV  S  DQG LQ 
LQWKHH[SDWULDWH$VLDQSDWLHQWV&XPXODWLYHO\WKH%
ZDV SUHVHQW LQ     DPRQJ$UDESDWLHQWV YV WKH
 LQ $VLDQV S    ,Q WKH SRSXODWLRQ RI $6 SDWLHQWV
VSHFLILFDOO\%ZDVIRXQGLQLQ(PLUDWLVYV
 S   7KH SUHVHQWDWLRQ DOVR SURYLGHV FOLQLFDO
PRGHOVRIWKHDERYH7KHGDWDREYLRXVO\VXSSRUWWKHLQWHUDQG
LQWUDUDFLDO GLVSDULW\ RI % SUHYDOHQFH LQ WKH KHDOWK\ DQG
SDWLHQW VWXGLHG SRSXODWLRQV 7KH UDULW\ RI % LQ (PLUDWLV
PDNHV DQ\ SRVVLEOH FRQWULEXWLRQ WR WKH GLDJQRVLV RI $6 LV
UDWKHU QHJOLJLEOH &DVHV RI % SRVLWLYH $6 DUH OLNHO\ WR EH
HQFRXQWHUHGLQH[SDWULDWHSDWLHQWVIURP(DVWHUQ0HGLWHUUDQHDQ
UHJLRQ DQG $VLDQV )LQDOO\ VLQFH WKH REVHUYDWLRQV ZHUH ILUVW













6SHFLILF UHJLRQV LQ 5DG DUH UHVSRQVLEOH IRU WKH ELRORJLFDO
IXQFWLRQVRIWKHSURWHLQ7KLVLGHDZDVHVWDEOLVKHGZKHQDFWLYH
GRPDLQGHOHWHGSURWHLQKDVEHHQWHVWHGLQWHUPVRIELRORJLFDO
DFWLYLW\ DJDLQVW '1$ OHVLRQ FDXVLQJ DJHQW WUHDWHG ILVVLRQ
\HDVW<HDVWFHOOVZLWK5DG 'F[+$DSSHDUHG WREH
QRW DEOH WR WDFNOH WKH LPSDFW RI WKH F\WRWR[LF DJHQW
FDPSWRWKHFLQH &37 8VLQJ 3&5 WKH QHHGHG GRPDLQV DQG
SRLQWVZHUHGHOHWHGDQGPXWDWHG7KHSURWHLQLVWRXQGHUJRWKH
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SUDFWLFDOSURFHGXUHWKURXJKZKLFKWKHDVVXPHGK\SRWKHVHVDUH
WR EH WHVWHG $ FRPSOHWH GRPDLQZDV GHOHWHG IURP0+$
DQG < 7 VLQJOH SRLQW PXWDWLRQV )) $$ DQG 7
DQG < GRXEOH SRLQW PXWDWLRQ ZHUH FDUULHG RXW RQ WKH IXOO
OHQJWK5DG7KHDFWLYLW\RIQHZSURWHLQVZHUHWHVWHGLQWHUPV
RI WKHLU DELOLWLHV WR WDFNOH WKH GHIHFWLYH HIIHFW RI '1$
GDPDJLQJ DJHQWV VR WKDW WKH LPSRUWDQFH RI WKH PXWDWHG
GRPDLQDQGSRLQWVWRWKHDFWLYLW\RIIXOOOHQJWK5DGDQG0
ZRXOG EH DEOH WR EH UHYHDOHG ,W KDV EHHQ IRXQG WKDWZLWKRXW
WKHSRLQWPXWDWHGDQGWKHGRPDLQGHOHWHGQHLWKHU0+$QRU
5DG+$ FRXOG PDNH LW SRVVLEOH IRU \HDVW FHOOV WR VXUYLYH
ZKLOHXQGHU WKHHIIHFWRI WKRVH'1$GDPDJLQJDJHQWVZKLFK
ZHUH &03 +8 DQG 89 OLJKW UHVSHFWLYHO\ 7KHVH ILQGLQJV


















7\SH  'LDEHWHV 7' LV FXUUHQWO\ WKH IDVWHVW JURZLQJ
GHELOLWDWLQJGLVHDVHLQWKHZRUOG,QWKH8QLWHG$UDE(PLUDWHV
8$( LW KDV EHHQ HVWLPDWHG WKDW RQH RXW RI ILYH SHRSOH
EHWZHHQWKHDJHVRIWROLYHVZLWKWKLVGLVHDVH'XHWRDQ
LQFUHDVLQJ SUHYDOHQFH RI 7' LQ WKH UHJLRQ OLIHVW\OH
PDQDJHPHQW VWUDWHJLHV ZLWK DQ HPSKDVLV RQ SUHYHQWLRQ DUH
UHTXLUHG 'HWHUPLQLQJ JHQHWLF ULVN IDFWRUV FDQ DOVR PDNH DQ
LPSRUWDQWFRQWULEXWLRQ WRXQGHUVWDQGLQJ WKHSURFHVVHV OHDGLQJ
WRGLVHDVH$JHQRPHZLGHDVVRFLDWLRQVWXG\*:$6XVLQJD
IDPLO\EDVHGDVVRFLDWLRQWHVW)%$7LQDQH[WHQGHGIDPLO\RI
 PHPEHUV IURP WKH 8$(  GLDEHWLF DQG  KHDOWK\
LQGLYLGXDOV ZHUH JHQRW\SHG XVLQJ WKH ,OOXPLQD +XPDQ 
4XDG FKLS DUUD\ZDV XQGHUWDNHQ LQ RUGHU WR LGHQWLI\ JHQHV
DQGPHFKDQLVPVDVVRFLDWHGZLWKGLVHDVH 7KHVWXG\UHYHDOHG
 QHZ DVVRFLDWLRQ VLJQDOV IURP VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV 613V ZLWKLQ ILYH JHQHV 5%0 .&7'
*$%5% 6&' DQG 35.' 6L[ 613VZLWKLQ 35.' RQ
FKURPRVRPH  ZHUH IRXQG WR EH PRVW VWURQJO\ DVVRFLDWHG
ZLWK7' LQ WKLV$UDESRSXODWLRQ ,W KDVEHHQ VXJJHVWHG WKDW
35.'D VHULQHWKUHRQLQHNLQDVHSOD\VDQ LPSRUWDQW UROH LQ
LQVXOLQ VHFUHWLRQ 7KH VWURQJHVW VWDWLVWLFDO HYLGHQFH IRU WKLV
QHZ DVVRFLDWLRQ VLJQDO ZDV IURP UV LQ LQWURQ  RI
35.'ZLWK WKHRYHUDOOHVWLPDWHRIHIIHFW UHWXUQLQJDQRGGV
UDWLRRI FRQILGHQFH LQWHUYDOSYDOXH 
(7KLVVWXG\LVWKHILUVW*:$6IRU7'LQIDPLOLHVRI
$UDE GHVFHQW DQG WKHVH ILQGLQJV PD\ SURYLGH LPSRUWDQW
LQVLJKWV LQWR WKH SDWKRJHQHVLV RI 7' LQ 0LGGOH (DVWHUQ
SRSXODWLRQV &RPSDUDWLYH DQDO\VLV ZLWK RWKHU HWKQLF JURXSV















&\WRFKURPH 3 &<3' LV RQH RI WKH PDMRU GUXJ
PHWDEROL]LQJ HQ]\PHV LQYROYHG LQ WKH ELRWUDQVIRUPDWLRQ RI
PDQ\ FOLQLFDOO\ LPSRUWDQW PHGLFDWLRQV LQFOXGLQJ RSLRLG
DQDOJHVLFV &<3' HQ]\PH DFWLYLW\ YDULHV FRQVLGHUDEO\
ZLWKLQ D SRSXODWLRQ 3DUWLFXODUO\ &<3' DOOHOH LVPRUH
FRPPRQ DPRQJ2ULHQWDOV WKDQ DPRQJ&DXFDVLDQV $ UHFHQW
VWXG\ DPRQJ &KLQHVH LQGLYLGXDOV VKRZHG WKDW WKH DOOHOH
IUHTXHQF\ RI &<3' ZDV DERXW  3KHQRW\SLF
H[SUHVVLRQV LQFOXGH LQGLYLGXDOV ZLWK XOWUDUDSLG H[WHQVLYH
LQWHUPHGLDWH DQG SRRUPHWDEROL]HU VWDWXV ,W KDV EHHQ VKRZQ
WKDW WKH YDULRXV SKHQRW\SHV KDYH SURIRXQG HIIHFWV RQ WKH
HIILFDF\RIGUXJVDVZHOODVLWVDGYHUVHUHDFWLRQV7KHSUHVHQW
VWXG\ DLPHG WR RSWLPL]H 3&55)/3 WHFKQLTXH IRU WKH
GHWHFWLRQ DQG JHQRW\SLQJ RI &<3' JHQH DPRQJ
)LOLSLQRV*HQRPLF'1$VDPSOHVZHUHREWDLQHGIURPKHDOWK\
SDUWLFLSDQWV DQG SDWLHQWV ZLWK FKURQLF SDLQ ZLWK GLDJQRVHG
FDQFHU SDWKRORJ\ VWDJHV  WR   $OO VWXG\ SDUWLFLSDQWV ZHUH
UHIHUUHG WR WKH 3DLQ 0DQDJHPHQW &HQWHU DQG JDYH LQIRUPHG
FRQVHQW SULRU WR HQUROPHQW  5HVXOWV 7KH UHVWULFWLRQ HQ]\PH
+SK,ZDV GHWHUPLQHG WR FXW WKH ES DPSOLFRQ2I WKH 
'1$ VDPSOHV  ZHUH LGHQWLILHG DV KRPR]\JRXV IRU
WKHZLOG W\SH ZHUH LGHQWLILHGDVKHWHUR]\JRXVDQG
ZHUHLGHQWLILHGDVKRPR]\JRXVIRUWKHPXWDQWDOOHOH
7KH FDOFXODWHG DOOHOH IUHTXHQFLHV LQ +DUG\ :HLQEHUJ
HTXLOLEULXPZHUHDQGIRUWKH&<3'GRPLQDQW
DQG UHFHVVLYH DOOHOHV UHVSHFWLYHO\ 2XU UHVXOWV VKRZHG WKDW
PDMRULW\RI WKH)LOLSLQR VWXG\SDUWLFLSDQWVZHUHKHWHUR]\JRXV
IRU WKH LQWHUPHGLDWH DOOHOH   3&55)/3 SURYLGHV D
XVHIXO WHFKQLTXH IRU GHWHFWLRQ DQG JHQRW\SLQJ &<3'
DPRQJ)LOLSLQRV7KHDOOHOH IUHTXHQF\RI&<3' LQ WKLV
VWXG\ ZDV FRPSDUDEOH ZLWK RWKHU $VLDQ SRSXODWLRQV
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;OLQNHG $75; V\QGURPH LQ PDOHV LV FKDUDFWHUL]HG E\
PHQWDOUHWDUGDWLRQIDFLDOG\VPRUSKLVPDOSKDWKDODVVHPLDDQG
XURJHQLWDO DEQRUPDOLWLHV LQFOXGLQJ VPDOO WHVWHVZLWK VFDWWHUHG
VHPLQLIHURXV WXEXOHV $OWKRXJK WKH FKURPDWLQ UHPRGHOLQJ
SURWHLQ$75; LVZLGHO\ H[SUHVVHG GXULQJ GHYHORSPHQW KRZ
$75;PXWDWLRQV FDXVH WKHVHKLJKO\ VSHFLILF FOLQLFDO IHDWXUHV
LV QRW ZHOO XQGHUVWRRG 7R LQYHVWLJDWH WKH PHFKDQLVPV
XQGHUO\LQJ WKH WHVWLFXODU GHIHFWV REVHUYHG LQ $75;
V\QGURPH ZH JHQHUDWHG 6F$WU[.2 PLFH ZLWK $WU[
VSHFLILFDOO\ LQDFWLYDWHG LQ WKH VRPDWLF 6HUWROL FHOO OLQHDJH RI
WKHPRXVH WHVWLV6F$WU[.2PLFHKDYHYHU\VPDOO WHVWHVZLWK
GLVFRQWLQXRXV VHPLQLIHURXV WXEXOHV WKH UHVXOW RI 6HUWROL FHOO
DSRSWRVLV GXULQJ IHWDO OLIH 3RVWQDWDOO\ VSHUPDWRJHQHVLV ZDV
GHOD\HG DQG VSHUPDWRJHQHVLV GHIHFWV UDQJLQJ IURP PHLRWLF
DUUHVW WR WKH DEVHQFH RI JHUP FHOOV ZHUH HYLGHQW LQ DGXOW
6F$WU[.2PLFH 7KH H[SUHVVLRQ RI WKH NH\ VSHUPDWRJHQHVLV
JHQH 5KR[ DQG WZR RWKHU $QGURJHQ 5HFHSWRUGHSHQGHQW
JHQHV 6SLQOZ DQG &OGQ ZDV VLJQLILFDQWO\ GRZQUHJXODWHG
LQ 6F$WU[.2 WHVWHV 0RUHRYHU WKH $75; DQG $QGURJHQ
5HFHSWRU SURWHLQV SK\VLFDOO\ LQWHUDFW LQ WKH WHVWLV DQG FR
RSHUDWLYHO\ DFWLYDWH WKH 5KR[ SURPRWHU LQ D WUDQVIHFWHG
6HUWROL FHOO OLQH ,Q VXPPDU\ RXU GDWD VKRZ WKDW$75; KDV
GLVWLQFW IXQFWLRQV LQ 6HUWROL FHOOV DV D VXUYLYDO IDFWRU GXULQJ
IHWDOWHVWLVGHYHORSPHQWDQGDVDQ$QGURJHQ5HFHSWRUFRIDFWRU
GXULQJ VSHUPDWRJHQHVLV 5HFUXLWPHQW RI $75; E\ WLVVXH
VSHFLILF WUDQVFULSWLRQ IDFWRUV FRXOG EH D QRYHOPHFKDQLVPE\


















(SLOHSV\ LV D FRPPRQ QHXURORJLFDO GLVRUGHU FRQVWLWXWLQJ D
KHWHURJHQHRXV JURXS RI GLVRUGHUV FKDUDFWHUL]HG E\ UHFXUUHQW
XQSURYRNHG HSLOHSWLF VHL]XUHV GXH WR ZLGHO\ GLIIHUHQW
HWLRORJLHV DIIOLFWLQJ DSSUR[LPDWHO\  SHU  SRSXODWLRQ WKH
ZRUOGRYHU7KLUW\SHUFHQWRIWKHHSLOHSV\SDWLHQWVFRQWLQXHWR
EH SKDUPDFRUHVLVWDQW GHVSLWH RSWLPDO $QWL HSLOHSWLF 'UXJV
$(' WKHUDS\2YHU H[SUHVVLRQ RIPXOWLGUXJ WUDQVSRUWHUV LQ
EORRGEDUULHULVLPSOLFDWHGLQSKDUPDFRUHVLVWDQFHRIHSLOHSV\
ZKLFK PD\ OHDG WR OLPLWHG SHQHWUDWLRQ RI $(' WR EUDLQ
$%&% JHQH SURGXFW 3JO\FRSURWHLQ LV RQH RI WKH $73
GHSHQGHQW PXOWLGUXJ WUDQVSRUWHUV UHSRUWHG WR EH RYHU
H[SUHVVHGLQHSLOHSWLFEUDLQ7KHYDULDQWVLQWKH$%&%JHQH




IRXQG WR EH DVVRFLDWHG ZLWK SKDUPDFRUHVLVWDQW HSLOHSVLHV
DOWKRXJK ZLWK FRQIOLFWLQJ UHVXOWV DPRQJ VWXGLHV LQ GLIIHUHQW
SRSXODWLRQZKLFKPD\EHGXHWRKHWHURJHQHRXVSKHQRW\SHVRI
HSLOHSV\ SDWLHQWV VWXGLHG YDULDEOH GHILQLWLRQ RI SKDUPDFR





EHWZHHQ KRPRJHQHRXV SKHQRW\SHV RI PHVLDO WHPSRUDO OREH
HSLOHSV\ZLWK KLSSRFDPSDO VFOHURVLV SURWRW\SH RI SKDUPDFR
UHVLVWDQW HSLOHSVLHV Q  MXYHQLOH P\RFORQLF HSLOHSV\
SURWRW\SH RI SKDUPDFRUHVSRQVLYH HSLOHSVLHV Q  DQG
QRUPDO KHDOWK\ FRQWUROV Q  EHORQJLQJ WR WKH .HUDOD
SRSXODWLRQ6RXWK,QGLD*HQRW\SLQJZDVGRQHE\3&55)/3
DQG ZDV FRQILUPHG E\ VHTXHQFLQJ $OOHOH JHQRW\SH DQG
KDSORW\SH IUHTXHQF\ ZHUH FRPSXWHG DPRQJ WKH FRKRUWV $OO
WKH 613V JHQRW\SHG LQ FRQWUROV ZHUH ZLWKLQ WKH +DUG\
:HLQEHUJHTXLOLEULXP7KH UV &7YDULDQWZDV
VHHQ WR EH VLJQLILFDQWO\ DVVRFLDWHG LQ JHQRW\SLF DQG DOOHOLF
FRPELQDWLRQ ZKHQ QRUPDO KHDOWK\ FRQWURO ZHUH FRPSDUHG
ZLWK SKDUPDFRUHVLVWDQW DQG SKDUPDFRUHVSRQVLYH FRKRUW
LQGHSHQGHQWO\ ,QFUHDVHG UHSUHVHQWDWLRQ RI 7 DOOHOHV ZDV
REVHUYHG LQ WKH SDWLHQW JURXSV ZKLFK LV LQ FRQWUDVW WR
REVHUYDWLRQ LQ (XURSHDQ VWXGLHV :KHQ ERWK WKH SDWLHQW
FRKRUWV FRPELQHG ZHUH FRPSDUHG ZLWK QRUPDO KHDOWK\
FRQWUROV 7 DOOHOH RI UV &7 ZDV VHHQ WR EH
DVVRFLDWHG LQ DOOHOLF DQG JHQRW\SLF FRPELQDWLRQVZLWK SDWLHQW
SRSXODWLRQ DQG WKHUHE\ VXJJHVWLQJ IRU FRQIHUULQJ ULVN RI
GHYHORSLQJHSLOHSV\0RUHRYHU7DOOHOHDVVRFLDWLRQLVVHHQWR
H[WHQG LQ KDSORW\SLF FRPELQDWLRQV WRR 1RQH RI WKH RWKHU
$%&%YDULDQWVZHUHVHHQ WREHVLJQLILFDQWZKHQSKDUPDFR
UHVLVWDQW DQG SKDUPDFRUHVSRQVLYH FRKRUWV ZHUH FRPSDUHG
5HVXOWVVXJJHVWV$%&%&7YDULDQWVDUHPRUHSUHYDOHQW
LQ HSLOHSWLF SDWLHQWV FRPSDUHG WR QRQHSLOHSWLF VXEMHFWV DQG
PRUH IUHTXHQW LQ SKDUPDFRUHVLVWDQW FRKRUW RI .HUDOD


















DUUD\V WR WHVW D ODUJH QXPEHU RI 613 PDUNHUV IRU GLVHDVH
FRUUHODWLRQ +RZHYHU WKH W\SLFDO *:$6 DSSURDFK WR
LGHQWLI\LQJ WKHGLVHDVHFDXVLQJJHQHDSSHDUV WREH LQDGHTXDWH
ZLWK YHU\ IHZ UHVXOWV SHU VWXG\ 7KLV PD\ EH D GXH WR WKH
JHQRW\SH SODWIRUP SRSXODWLRQ RU SRRU JHQH SUHGLFWLRQ
PHWKRGRORJLHV +HUH ZH DQDO\]HG GDWD IURP WKH :HOOFRPH
7UXVW&DVH&RQWURO&RQVRUWLXPRQVHYHQGLVHDVHSKHQRW\SHV
ELSRODU GLVRUGHU FRURQDU\ DUWHU\ GLVHDVH &URKQµV GLVHDVH
K\SHUWHQVLRQ UKHXPDWRLG DUWKULWLV DQG W\SH , DQG W\SH ,,
GLDEHWHV :H XVHG WKH *HQWUHSLG FDQGLGDWH JHQH SUHGLFWLRQ
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V\VWHP WR VHOHFW OLNHO\JHQH FDQGLGDWHV DVVRFLDWHGZLWK613V
RI OHVV VWULQJHQW VWDWLVWLFDO WKUHVKROGV WKDQ DSSOLHG LQ WKH
RULJLQDO DQDO\VLV DQG DQ DOWHUQDWH 613 WR JHQH PDSSLQJ
DVVXPSWLRQ:HXVHGIRXUGLIIHUHQWVLJQLILFDQFH WKUHVKROGV WR
DVVRFLDWH613VZLWKSKHQRW\SHV,QWKHSKHQRW\SHVWKDWGLGQRW
KDYHPDQ\ KLJKO\ VLJQLILFDQW 613V VXFK DV%' DQG+7 WKH
PRGHVWO\ DQG ZHDNO\ VLJQLILFDQW VHWV ZHUH FDSDEOH RI




IHDWXUHV ZLWKLQ WKH VHDUFK VSDFH )RU HDFK SKHQRW\SH
*HQWUHSLGZDVDEOHWRH[WUDFWNQRZQGLVHDVHJHQHVDQGSUHGLFW




















7KH QH[W VWHS RI LGHQWLI\LQJ WKH FDXVDO JHQH LV QRW
VWUDLJKWIRUZDUG 7KH GHWDLOV RI JHQRPLF DUFKLWHFWXUH DUH QRW
ZHOO XQGHUVWRRG DQG WKH 613 LWVHOI PD\ QRW EH FDXVDO EXW
PHUHO\ LQ OLQNDJH GLVHTXLOLEULXPZLWK WKH FDXVDO 6132WKHU
IDFWRUVVXFKDVWKHSRSXODWLRQEDVHGQDWXUHRIWKHVWXG\PDNH
WKH DVVRFLDWLRQ GDWD QRLV\ 7R H[DPLQH WKH HIIHFW RI JHQHWLF
DUFKLWHFWXUH ZH H[SORUHG VL[ GLIIHUHQW 613WRJHQHPDSSLQJ
DSSURDFKHV 7R DFFRXQW IRU QRLVH LQ WKH GDWD ZH WDNH WKH
FUHDPRIWKHGDWD WKH WRSDQGUHVLIW WKLVGDWDXVLQJWKH
ELRPROHFXODUNQRZOHGJHEDVHXVLQJWZRLQGHSHQGHQWPRGXOHV
EDVHG RQ SDWKZD\V DQG KRPRORJ\ 7KH GDWD VKRZV PRUH
JHQHURXVPDSSLQJV KDYH KLJKHU HQULFKPHQW UDWLRV VXJJHVWLQJ
WKHLPSOLFDWHG613PD\EHIXUWKHUIURPWKHGLVHDVHJHQHWKDQ




DPRUH DJQRVWLF DSSURDFK0RUH LQWHUHVWLQJO\ GRPDLQ EDVHG
KRPRORJ\LQIRUPDWLRQZDVQRWLQIRUPDWLYHZKHQEHQFKPDUNHG
DJDLQVW NQRZQ JHQHV EXW ZDV HIIHFWLYH ZKHQ EHQFKPDUNHG
DJDLQVW:7&&&JHQHV VXJJHVWLQJ HLWKHU ELDV LQ VHOHFWLRQ RI
SUHYLRXV FDQGLGDWHV RU SDWKZD\EDVHG GDWD RU ODUJHU




















RI0DGK\D 3UDGHVK XVLQJ < FKURPRVRPH DQG PLWRFKRQGULDO
'1$PDUNHUV<FKURPRVRPHELDOOHOLFPDUNHUVUHYHDOHGKLJK
IUHTXHQF\ RI $XVWURDVLDWLF VSHFLILF 02D KDSORJURXS LQ
%KDULD DQG 6DKDUL\D DQG 0+ DQG 05D LQ %KLO
0LWRFKRQGULDO '1$ DQDO\VLV VKRZHG KLJKHU GLYHUVLW\ ZLWK
VRPH ROGHU VXEOLQHDJHV RI 0 KDSORJURXS DQG SURPLQHQW 5
OLQHDJHV LQ DOO WKH WKUHH WULEHV 7KH UHVXOWV REWDLQHG UHYHDO
VWURQJJHQHWLF DIILQLW\RI%KDULD D'UDYLGLDQ VSHDNLQJ WULEH
ZLWK WKH $XVWURDVLDWLF 0XQGDUL JURXS UDWKHU WKDQ WKH
'UDYLGLDQ RU WKH ,QGR(XURSHDQ JURXSV 7KH JHQH IORZ IURP
$XVWURDVLDWLFJURXSLVIXUWKHUFRQILUPHGE\WKHLU<675ZKHUH
ZH GHWHUPLQHG WKHLU IRXQGHU KDSORW\SH IURP WKH 0DZDVL
SRSXODWLRQZKLFK LV DQ$XVWURDVLDWLF VSHDNLQJ WULEH6DKDUL\D
VKRZHG DGPL[HG JHQHWLF SDFNDJH RI ,QGR(XURSHDQ DQG












.) LV FKDUDFWHUL]HG E\ KHWHURJHQHLW\ LQ WKH GHJUHH RI
H[SUHVVHG SKHQRW\SHV 2EMHFWLYH WR DVFHUWDLQ WKH YDULDEOH
SKHQRW\SHV RI .OLQHIHOWHU V\QGURPH LQ FKLOGUHQ :H SUHVHQW
HLJKWNOLQHIHOWHUSDWLHQWV WKHLUDJH UDQJHG IURP WR\HDUV
PHDQ  6XEMHFWV ZHUH PHWLFXORXVO\ H[DPLQHG IRU




VWDWXUH LQ  FRQJHQLWDO FDUGLDF PDOIRUPDWLRQV LQ 
VHL]XUHV LQ  PHQWDO UHWDUGDWLRQ LQ  JURZWK KRUPRQH
GHILFLHQF\LQK\SRWK\URLGLVPDQGGHOD\HGERQHDJHLQ
2XU VWXG\ GHPRQVWUDWHG D YDULDEOH DVVRFLDWLRQ RI PHQWDO
UHWDUGDWLRQ G\VPRUSKLVP PLFURSHQLV XQGHVFHQGHG WHVWLV
VHL]XUHV FRQJHQLWDO KHDUW GHIHFWV DQG JURZWK KRUPRQH
GHILFLHQF\ DPRQJ (J\SWLDQ SDWLHQWV ZLWK .OLQHIHOWHU
V\QGURPH 7KLV PHULWV IXUWKHU VWXG\ WR IDFLOLWDWH HDUOLHU
GLDJQRVLV DQG EHWWHUPDQDJHPHQW WR LPSURYH WKHLU TXDOLW\ RI
OLIH
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DUH H[SRVHG WR DUVHQLF WKURXJK GULQNLQJ ZDWHU EXW RQO\ OHVV
WKDQ  WR  RI WRWDO DUVHQLF H[SRVHG LQGLYLGXDOV VKRZHG
DUVHQLF LQGXFHG VNLQ OHVLRQV 6R LW LV DVVXPHG WKDW JHQHWLF
YDULDWLRQV PLJKW SOD\ DQ LPSRUWDQW UROH LQ DUVHQLF LQGXFHG
WR[LFLW\ DQG FDUFLQRJHQLFLW\ 0DMRU JHQHWLF DQG JHQRPLF
DSSURDFKHV KDYH EHHQPDGH WR ILQG RXW WKH FDXVH RI DUVHQLF
VXVFHSWLELOLW\ DQG WKH GLIIHUHQW JHQHV UHVSRQVLEOH )RU WKLV
UHDVRQ WKH&KURPRVRPDO$EHUUDWLRQV &$&RPHWDVVD\DQG
FKDOOHQJH DVVD\ ZHUH SHUIRUPHG DQG VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV 613V VWXGLHVZHUH FDUULHG IRU D QXPEHU RI
JHQHV WKDW PD\ LQYROYH WKH GLIIHUHQW SDWKZD\V LQ DUVHQLF
PHWDEROLVP DQG GHWR[LILFDWLRQ 613V RI S JHQH 313
(5&& DQG ;5&& JHQHV ZHUH DOVR DQDO\VHV ,QGLYLGXDOV
ZLWKSFRGRQ$UJ$UJJHQRW\SHLVRYHUUHSUHVHQWHGLQWKH
VNLQ OHVLRQV LQGLYLGXDOV LQGLFDWLQJ WKDW WKLV JHQRW\SH LVPRUH
VXVFHSWLEOH WR DUVHQLF LQGXFHG WR[LFLW\ /\V/\V JHQRW\SH LQ
WKH (5&& SRO\PRUSKLVP ZDV DOPRVW ILYH IROG RYHU
UHSUHVHQWHG LQ WKHDUVHQLF LQGXFHGK\SHUNHUDWRVLVVNLQ OHVLRQV
JURXS ZKHQ FRPSDUHG WR QR VNLQ OHVLRQV JURXS ,Q HDFK RI
WKHVHFDVHVLQGLYLGXDOVZLWKULVNJHQRW\SHZHUHIRXQGWRKDYH
VLJQLILFDQWO\KLJKHUJHQHWLFGDPDJHIXQFWLRQDOO\YDOLGDWLQJRXU
DVVRFLDWLRQV ,Q FDVH RI ;5&& 70 3RO\PRUSKLVP
SUHVHQFHRIDWOHDVWRQH0DOOHOH00RU70ZDVSURWHFWLYH
WRZDUGV GHYHORSPHQW RI DUVHQLFLQGXFHG VNLQ OHVLRQV DV DOVR
WRZDUGV DUVHQLFUHODWHG SHULSKHUDO QHXURSDWK\ DQG
FRQMXQFWLYLWLV$VLJQLILFDQWFRUUHODWLRQZDVREVHUYHGEHWZHHQ
SURWHFWLYH JHQRW\SH DQG GHFUHDVHG IUHTXHQFLHV RI
FKURPRVRPDO DEHUUDWLRQV 5HVXOWV RI '1$ UHSDLU VWXGLHV
WKURXJK&KDOOHQJHDQG&RPHWDVVD\VKRZVWKDWWKHLQGLYLGXDOV
ZLWKDUVHQLFLQGXFHGVNLQOHVLRQVKDYHVXERSWLPDO'1$UHSDLU
FDSDFLW\ DQG DUH KHQFH LQHIILFLHQW LQ FRPEDWLQJ WKH '1$
GDPDJHLQGXFHGE\FKURQLFDUVHQLFH[SRVXUH7KXVWKHDERYH
UHVXOWV LQGLFDWH WKDW WKH VXERSWLPDO '1$ UHSDLU DQG WKH


















FDUEDPD]HSLQH &%= DQG VRGLXP YDOSURDWH 93$ 7KH
SXUSRVH RI WKLV VWXG\ ZDV WR GHWHUPLQH ZKHWKHU WKH LQWURQLF
,961*!$ SRO\PRUSKLVP LV DVVRFLDWHGZLWK UHVSRQVH WR
&%= RU 93$ LQ0DOD\VLDQ HSLOHSV\ SDWLHQWV 7KH ,961
*!$ SRO\PRUSKLVP ZDV JHQRW\SHG LQ  HSLOHSV\ SDWLHQWV
GUXJUHVLVWDQWZKRZHUHRQ&%=RU93$PRQRWKHUDS\
E\ XVLQJ PDWUL[DVVLVWHG ODVHU GHVRUSWLRQLRQL]DWLRQ WLPH RI
IOLJKW0$/',72)PDVVVSHFWURPHWU\7KH$DOOHOHZDVOHVV
FRPPRQLQWKH0DOD\GUXJUHVLVWDQWSDWLHQWVWKDQGUXJ
UHVSRQVLYH VXEMHFWV  ZKR ZHUH RQ 93$ PRQRWKHUDS\
7KHUH ZDV D VLJQLILFDQW DOOHOH DQG JHQRW\SH DVVRFLDWLRQ
EHWZHHQ6&1$ ,961JHQH SRO\PRUSKLVP DQG UHVSRQVH
WR 93$ LQ 0DOD\V ZLWK JHQHUDOL]HG HSLOHSV\ 7KLV VWXG\
GHPRQVWUDWHG WKDW 0DOD\V $ DOOHOH FDUULHUV ZLWK JHQHUDOL]HG


















3UHYLRXV JHQRPHZLGH DVVRFLDWLRQ VWXG\ *:$6 KDV
LGHQWLILHG YDULDQWV LQ WKH +/$'3 ORFXV DVVRFLDWHG ZLWK
FKURQLFKHSDWLWLV%&+%LQ$VLDQVKRZHYHURQO\FDVHV
DQG  FRQWUROV ZHUH JHQRW\SHG LQ WKH ILUVW VWHS +HUH ZH
SHUIRUPHGDVHFRQG*:$6RI613VLQ-DSDQHVH
&+%FDVHV DQG  FRQWUROV:H FRQILUPHG WKH VLJQLILFDQW
DVVRFLDWLRQV EHWZHHQ &+% DQG YDULDQWV LQ +/$'3 ORFXV
UV DQG UV 3[:H DOVR GHWHFWHG VWURQJ
DVVRFLDWLRQV DW  ORFLZLWK SYDOXH RI OHVV WKDQ[ DIWHU
DGMXVWPHQW ZLWK UV:H DQDO\]HG WKHVH ORFL LQ WKUHH
UHSOLFDWLRQSDQHOV&+%FDVHVDQGFRQWUROVIURP
-DSDQDQGIRXQGVLJQLILFDQWDVVRFLDWLRQRI WZRQRYHO613VLQ
0+& UHJLRQ RYHUDOO SYDOXH RI [ WR [
&RQGLWLRQDO DVVRFLDWLRQ DQDO\VLV ZLWK UV DQG UV
VXJJHVWHG WKDW WKH DVVRFLDWLRQV REVHUYHG LQ WZR 613V DUH
LQGHSHQGHQW IURP+/$'3 UHJLRQ SYDOXH RI [ WR
[,QGLYLGXDOVZLWKVHYHQRUHLJKWULVNDOOHOHV25 
  &,    KDYH DQ DSSUR[LPDWHO\ IRXUIROG
LQFUHDVHLQ&+%ULVNFRPSDUHGWRWKRVHZLWKWKUHHRUOHVVULVN
DOOHOHV25 &, 7KHVHGDWDLQGLFDWHGWKDW
JHQHWLF YDULDQWV LQ 0+& UHJLRQ FRQWULEXWH WR WKH ULVN RI



















613 RI ,QVXOLQLQGXFHG JHQH  JHQH ,16,* UV
ZDVUHFHQWO\IRXQGWREHOLQNHGZLWKREHVLW\LQPDQ\GLIIHUHQW
SRSXODWLRQV,QWKLVVWXG\ZHLQYHVWLJDWHGDVVRFLDWLRQEHWZHHQ
WKLV 613 ZLWK REHVLW\ DQG REHVLW\UHODWHG SDUDPHWHUV ZKLFK
LQFOXGHG%RG\0DVV,QGH[%0,ERG\ZHLJKWKHLJKWZDLVW
FLUFXPIHUHQFH :&KLS FLUFXPIHUHQFH +&ZDLVWKLS UDWLR
:+5 V\VWROLF EORRG SUHVVXUH 6%3 GLDVWROLF EORRG
SUHVVXUH '%3 WRWDO FKROHVWHURO 7& +LJK 'HQVLW\
/LSRSURWHLQ&KROHVWHURO +'/& DQG /RZ 'HQVLW\
/LSRSURWHLQ&KROHVWHURO /'/&6L[KXQGUHGDQGIRUW\QLQH
 0DOD\VLDQ 0DOD\V ZHUH VXEMHFWV RI WKH VWXG\
*HQRW\SLQJZDV FDUULHGRXW XVLQJ5HDO7LPH3&57DTPDQ
VLQJOH QXFOHRWLGH SRO\PRUSKLVP JHQRW\SLQJ DVVD\ DQG GDWD





JHQRW\SHV ZHUH LQ +DUG\:HLQEHUJ HTXLOLEULXP /LQHDU
UHJUHVVLRQ DQDO\VLV VKRZHG VLJQLILFDQW DVVRFLDWLRQV EHWZHHQ
,16,*UV613ZLWKORJWUDQVIRUPHG:+5DJHDQG
JHQGHU XQDGMXVWHG DGGLWLYH PRGHO S  5 
UHFHVVLYHPRGHOS 5  LQ WKH0DOD\VLDQ0DOD\
VXEMHFWV7KHUHLVQRVLJQLILFDQWDVVRFLDWLRQEHWZHHQWKHDERYH
PHQWLRQHG613VZLWKORJWUDQVIRUPHG%0,QRUZLWKDQ\RWKHU


















VHYHUH YLVXDO LPSDLUPHQW DQG EOLQGQHVV LQ PRVW GHYHORSHG
FRXQWULHV DIIHFWLQJ DERXW  PLOOLRQ HOGHUO\ ZRUOGZLGH
$OWKRXJK $0'OLQNHG ORFXV KDV ORQJ EHHQ UHSRUWHG RQ
FKURPRVRPHTWKHUHDUHFULWLFDOGHEDWHVRQWKHFDXVDWLYH
JHQH+75$RU/2&LQWKLVUHJLRQ,QWKLVVWXG\ZH
JHQRW\SHG D +75$ LQVHUWLRQGHOHWLRQ LQGHO YDULDQW
GHO&LQV7&&7 LQ WKH +RQJ .RQJ &KLQHVH FRKRUW DQG
UHSOLFDWHG LQ DQRWKHU &KLQHVH FRKRUW 7KH SURSHUWLHV RI WKLV
+WU$ YDULDQW ZHUH DOVR LQYHVWLJDWHG 7KH IUHTXHQF\ RI




WKH GHO&LQV7&&7 LQGHO DOOHOH ZLWK WKH ULVN $ DOOHOH RI
UV(QKDQFHGH[SUHVVLRQRIZLOGW\SH+WU$UHGXFHG
FHOOYLDELOLW\DQGLQFUHDVHGFHOODSRSWRVLVLQ$53(FHOOVLQ
FRQWUDVW $53( FHOOV H[SUHVVLQJ +WU$ LQGHO YDULDQW KDG
KLJKHU FHOO YLDELOLW\ ORZHU FHOO DSRSWRVLV DQG ZHUH OHVV
UHVSRQVLYH WR DQRLNLV VXSSRUWLQJ LWV SURWHFWLYH UROH ,Q
DGGLWLRQ+WU$LQGHOYDULDQWZDVPRUHHQGRSODVPLFUHWLFXOXP
ORFDOL]HG WKDQ WKHZLOG W\SH LQ$53( FHOOV 7KHVH UHVXOWV
















5KHXPDWRLG DUWKULWLV LV D FKURQLF LQIODPPDWRU\ DXWRLPPXQH
GLVHDVHZLWKDVLJQLILFDQWJHQHWLFFRPSRQHQWVRWKHFXUUHQWLV
WKH VWXG\ RI JHQHV UHVSRQVLEOH IRU YDULRXV VWDJHV RI
SDWKRJHQHVLV RI 5$:H KDYH VWXGLHG LQ .D]DNK SRSXODWLRQ
WKH SRO\PRUSKLVPRI5$ FDQGLGDWH JHQHV  XVLQJ3&5 DVVD\
)F*5,,,$JHQH PLVVHQVHPXWDWLRQ7*  DOOHOLF YDULDQWV
3KH9DODQG3&5UHVWULFWLRQIUDJPHQWOHQJWKSRO\PRUSKLVP
DVVD\7&5$LGHQWLILFDWLRQRI&$UHSHDWDOOHOHV IURP
WR  QS DQG ,/ PLVVHQVH PXWDWLRQ LQ WKH SURPRWHU
UHJLRQ RI WKH JHQH ,/ &$ LI D QXFOHRWLGH & 
UHVWULFWLRQ IUDJPHQW VL]H ±    DQG  QS LI
QXFOHRWLGHV$  UHVWULFWLRQ IUDJPHQW VL]H ±   
DQGQS 6XEMHFWV IHPDOH5$SDWLHQWVDQGKHDOWK\
FRQWUROV .D]DNK QDWLRQDOLW\ 7KH 5$ GLDJQRVLV ZDV SODFHG
XQGHU WKH FULWHULD RI $PHULFDQ &ROOHJH RI 5KHXPDWRORJ\
GLDJQRVWLFFULWHULDIRU5$:HREVHUYHGLQ5$SDWLHQWV
DFFXPXODWLRQ JHQRW\SH  ,/ JHQH DQG OHVV 
JHQRW\SHLQFRPSDULVRQZLWKWKHFRQWUROLQ.D]DNKSRSXODWLRQ
Fɪ $QDO\VLVRI WKHIUHTXHQFLHVRI,/DOOHOHV
VKRZHG D GHFUHDVH RI  DOOHOHV LQ 5$ SDWLHQWV 
ɪ 25  FRPSDUHG ZLWK FRQWURO JURXS 
ɪ 25   3RO\PRUSKLVP RI GLQXFOHRWLGH &$UHSHDW
7&5$JHQH VKRZHGPDUNHG GLIIHUHQFHV LQ WKH SUHYDOHQFH RI
DOOHOLF YDULDQWV RI 7&5$JHQH LQ WZR FRPSDUHG VDPSOHV F
 ɪ$OOHOH  LV SUREDEO\ SURWHFWLYH IRU.D]DNK
SRSXODWLRQLQWKH5$JURXSDQGLQWKHJURXSRI
KHDOWK\ FRQWUROV S  25  ZKLOH DOOHOH 
SUHGLFWLYHYDOXH  LQ WKH5$DQG LQFRQWUROVS 
 25   1RWHG WKH ORZ QXPEHU RI LQGLYLGXDOV ZLWK
JHQRW\SHV FRQWDLQLQJ WKH  DOOHOH DPRQJ 5$ SDWLHQWV
FRPSDUHGZLWKFRQWUROVDQGS 25
DQG KLJKHU FRPSDUHGZLWK WKH FRQWURO JURXS WKH QXPEHU RI
LQGLYLGXDOV ZLWK  DOOHOH LQ 5$ SDWLHQWV  DQG 
UHVSHFWLYHO\ S    25   7KH IUHTXHQF\ RI
KRPR]\JRXV )) JHQH )F*5,,,$ DPRQJ 5$ SDWLHQWV ZDV
 KHWHUR]\JRWH )9 ±  DQG KRPR]\JRXV 99 ±
 DJDLQVW    DPRQJ KHDOWK\ FRQWUROV
UHVSHFWLYHO\$PRQJWKH5$SDWLHQWVPDUNHGDFFXPXODWLRQRI
HUGO J (2011) 5:1–346 193
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KRPR]\JRXV)) 25 DQG D GHFUHDVH LQ WKH QXPEHU RI
KRPR]\JRXV 99 25  7KH GDWD REWDLQHG DOORZ XV WR
FRQVLGHU KRPR]\JRXV IRU ) DOOHOH DV D ULVN IDFWRU ZKHUHDV
KRPR]\JRVLW\IRUWKH9DOOHOHDVDSURWHFWLYHIDFWRUIRU5$
7KXV WKHVH UHVXOWV DOORZ WKH XVH RI .D]DNK DV D SUHGLFWLYH
IDFWRU IRU GHYHORSPHQW RI 5$  DOOHOH RI WKH JHQH ,/
DOOHOH  JHQRW\SH  7&5$ JHQH DQG JHQRW\SH ))
JHQH)F*5,,,$$VDSURWHFWLYHIDFWRURI5$LQ.D]DNKVWDQGV














&DQFHU LV D FRPPRQ PXOWLIDFWRULDO GLVHDVH WKDW FDQ EH
FRQVLGHUHGQHLWKHUSXUHO\JHQHWLFQRUSXUHO\HQYLURQPHQWDO,W




IDFWRUV ,Q WKLV VWXG\ ZH DSSOLHG WKH PXOWLIDFWRU
GLPHQVLRQDOLW\ UHGXFWLRQ 0'5PHWKRG WR H[SORUH SRWHQWLDO
JHQH±HQYLURQPHQW DQG JHQH±JHQH LQWHUDFWLRQV WKDW PD\
FRQWULEXWH WRSUHGLVSRVLWLRQ WRKHDGDQGQHFNFDQFHU LQ$VLDQ
,QGLDQV:HJHQRW\SHGSDWLHQWVZLWKKHDGDQGQHFNFDQFHU
DQG  KHDOWK\ FRQWUROV IRU WKLUWHHQ IXQFWLRQDO
SRO\PRUSKLVPV LQ WREDFFR PHWDEROL]LQJ JHQHV &<3$
&<3$*670 DQG8*7$ XVLQJ 3&55)/3PHWKRG
UHDO WLPH 3&5 TXDQWLWDWLYH DVVD\ DQG GHQDWXULQJ KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ IROORZHG E\ GLUHFW
VHTXHQFLQJ&<3$&&3*670VLQJOHFRS\
 3 DQG QXOO  3  JHQRW\SHV ZHUH
IRXQG WR EH DVVRFLDWHGZLWK LQFUHDVHG ULVN RI KHDG DQG QHFN




8*7$ 7& YDULDQWV DPRQJ VPRNHUV 0'5 DSSURDFK
VKRZHG WKDW WKUHH IDFWRU PRGHO LQFOXGLQJ VPRNLQJ VWDWXV
&<3$ 7& DQG *670 FRS\ QXPEHU YDULDQWV
FRQIHUUHGPRUHWKDQIRXUIROGLQFUHDVHGULVNRIKHDGDQGQHFN
FDQFHU 25 &,  S7KHVH UHVXOWV
VXSSRUW WKH K\SRWKHVLV WKDW JHQHWLF YDULDQWV LQ WREDFFR















'HOHWLRQ RI WKH GLVWDO HQG RI WKH VKRUW DUP RI FKURPRVRPH
PRQRVRP\ S LV D PLFUR GHOHWLRQ V\QGURPH ZKLFK LV
HVWLPDWHGWREHRQHRIWKHPRVWFRPPRQWHUPLQDOGHOHWLRQVLQ
WKH SRSXODWLRQ ZLWK DQ LQFLGHQFH RI   OLYH ELUWK 7KH
V\QGURPHRISGHOHWLRQLVNQRZQWRDIIHFWIHWDOSKHQRW\SH
JLYLQJ ULVH WR D SRVWQDWDO V\QGURPH FKDUDFWHUL]HG E\
G\VPRUSKLF IHDWXUHV PHQWDO UHWDUGDWLRQ QHXURGHYHORSPHQWDO
GHOD\ DQG DVVRFLDWHG VWUXFWXUDO DEQRUPDOLWLHV HJ YLVXDO
DIIHFWLRQ DXGLR ORJLFDO PDQLIHVWDWLRQV FDUGLRYDVFXODU DQG
JDVWURLQWHVWLQDOPDQLIHVWDWLRQV  7KH VWXG\ZDV FRQGXFWHG RQ
SDWLHQWVDWWHQGLQJWKHKXPDQ*HQHWLFV'HSDUWPHQW&OLQLFV
1DWLRQDO 5HVHDUFK &HQWUH ZLWK IHDWXUHV VXJJHVWLYH RI S
GHOHWLRQ V\QGURPH 2XU DLPZDV WR GHWHFW S GHOHWLRQ E\
KLVWRU\ WDNLQJ UHJDUGLQJ SHGLJUHH FRQVDQJXLQLW\ DQG DJH RI
SDUHQWV PLOHVWRQHV RI GHYHORSPHQW HLWKHU LW LV QRUPDO RU
GHOD\HG WKRURXJKFOLQLFDO H[DPLQDWLRQVZLWK OD\LQJ VWUHVVRQ
WKH SUHVHQFH RI GHYHORSPHQWDO GHOD\ PHQWDO UHWDUGDWLRQ DQG
IDFLDO G\VPRUSKLVP /DERUDWRU\ LQYHVWLJDWLRQV ZHUH FDUULHG
RXWLQWKHIRUPRI*7*EDQGLQJKLJKUHVROXWLRQDQDO\VLVDQG
IOXRUHVFHQWLQ6LWX+\EULGL]DWLRQ),6+WHFKQLTXH7KHHQWLUH




ZLWK PHGLDQ DJH RI  \HDUV %\ *7* EDQGLQJ DOO FDVHV
UHYHDOHGQRUPDONDU\RW\SHRI;;LQSDWLHQWVDQG
 ;< LQ  SDWLHQWV   )OXRUHVFHQFH ,QVLWX




FODULI\ WKDW WKH GLDJQRVLV RI S GHOHWLRQ V\QGURPH LV
VXJJHVWHGE\FOLQLFDOILQGLQJVDQGFRQILUPHGE\GHWHFWLRQRID




LQWURGXFWLRQ RI DUUD\ &*+ WHFKQRORJ\ WR WKH FOLQLFDO
ODERUDWRU\ VHWWLQJ WKHUH ZLOO EH D IDFLOLW\ WR GLDJQRVH  DQG
FRQILUP WKH GLDJQRVLV RI SDWLHQWV ZLWK PRQRVRP\ S
V\QGURPHZKRFDUU\LQWHUVWLWLDOGHOHWLRQVRIYDU\LQJVL]HVDQG



















0HWKDPSKHWDPLQH LV D KLJKO\ DGGLFWLYH SV\FKRVWLPXODQW WKDW
KDV VXUJHG LQ SRSXODULW\ ZRUOGZLGH IURP WKH ODVW GHFDGH
5HFHQW VWXGLHV VXJJHVW WKDW WKH )$$+ 37 JHQHWLF
SRO\PRUSKLVP LV VLJQLILFDQWO\ DVVRFLDWHGZLWK GUXJ DGGLFWLYH
WUDLWV ZKLOH WKH UV JHQHWLF SRO\PRUSKLVP RI WKH 62'
JHQH FRXOG EH DVVRFLDWHG ZLWK WKH ULVN RI GHYHORSLQJ
PHWKDPSKHWDPLQHLQGXFHG SV\FKRVLV  7KH ,OH9DO LQ
*673 JHQH ZDV VXJJHVWHG WR EH VLJQLILFDQWO\ DVVRFLDWHG WR
ERWK PHWKDPSKHWDPLQH GHSHQGHQFH DQG PHWKDPSKHWDPLQH
LQGXFHG SV\FKRVLV  7KH REMHFWLYH RI WKLV VWXG\ LV WR
GHWHUPLQH WKH DVVRFLDWLRQ EHWZHHQ WKH )$$+ 37
SRO\PRUSKLVP *673 ,OH9DO 62' UV
SRO\PRUSKLVP ZLWK PHWKDPSKHWDPLQH GHSHQGHQFH DQG
RFFXUUHQFH RI PHWKDPSKHWDPLQHLQGXFHG SV\FKRVLV LQ WKH
0DOD\VLDQSRSXODWLRQ,QWKLVVWXG\WKHVXEMHFWVUHFUXLWHGZHUH
PDOHPHWKDPSKHWDPLQHGHSHQGHQWVXEMHFWVDQGPDOH
FRQWUROV IURP IRXU GLIIHUHQW HWKQLFLWLHV QDPHO\ 0DOD\
&KLQHVH.DGD]DQ'XVXQDQG%DMDX3&55)/3PHWKRGZDV
XWLOL]HGIRUJHQRW\SLQJDQGYDOLGDWLRQZDVFDUULHGRXWE\GLUHFW
VHTXHQFLQJ 7KH UHVXOW RI WKLV VWXG\ LQGLFDWHG WKDW ZKHQ
FRPSDULQJ WKH ERWK JHQRW\SH DQG DOOHOLF IUHTXHQF\ EHWZHHQ
VXEMHFWVZKRZHUHGHSHQGHQWRQPHWKDPSKHWDPLQHZLWKWKRVH
ZKR ZHUH QRW WKH )$$+ 37 SRO\PRUSKLVP VKRZHG D
VLJQLILFDQW DVVRFLDWLRQ ZLWK ULVN RI PHWKDPSKHWDPLQH
GHSHQGHQFHLQWKHSRROHGVXEMHFWVJHQRW\SH3 DOOHOLF
325 :KHQ VWUDWLILHGDFFRUGLQJ WR WKHHWKQLF
JURXSV VLJQLILFDQW DVVRFLDWLRQ ZDV DOVR IRXQG LQ WKH 0DOD\
DQG &KLQHVH HWKQLF JURXS JHQRW\SH 3  DOOHOLF
325 DQGJHQRW\SH3 DOOHOLF3
25 UHVSHFWLYHO\)RUWKH62'UVSRO\PRUSKLVP
VWDWLVWLFDO DQDO\VLV VKRZHG WKDW WKHUH ZDV QR VLJQLILFDQW
DVVRFLDWLRQ EHWZHHQ WKLV SRO\PRUSKLVP ZLWK
PHWKDPSKHWDPLQH GHSHQGHQFH LQ WKH SRROHG VXEMHFWV
+RZHYHU VLJQLILFDQW GLIIHUHQFHV ZHUH IRXQG LQ WKH 62'
UV SRO\PRUSKLVP EHWZHHQ &KLQHVH PHWKDPSKHWDPLQH
GHSHQGHQW VXEMHFWV DQG FRQWURO VXEMHFWV JHQRW\SH 3
DOOHOLF 3  25  DV ZHOO DV .DGD]DQ'XVXQ
JHQRW\SH3)XUWKHUPRUHRXUILQGLQJVKRZHGWKDWWKH
0DOD\ HWKQLF JURXS EXW QRW WKH RWKHU HWKQLF JURXSV VKRZHG
VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ WKH *673 ,OH9DO
SRO\PRUSKLVP DQG PHWKDPSKHWDPLQH GHSHQGHQFH ZKHQ
FRPSDULQJ WKH DOOHOLF IUHTXHQFLHV 3  25  EXW
QRW WKHJHQRW\SH ,QFRQFOXVLRQRXU ILQGLQJVVXJJHVW WKDW WKH
37 SRO\PRUSKLVP RI WKH )$$+ JHQH PD\ FRQWULEXWH WR
PHWKDPSKHWDPLQH GHSHQGHQFH LQ WKH 0DOD\ DQG &KLQHVH
HWKQLFJURXSVDQGLQWKHSRROHGVXEMHFWVZKHUHDVWKHUV
SRO\PRUSKLVP RI WKH 62' JHQH PD\ FRQWULEXWH WR
PHWKDPSKHWDPLQH GHSHQGHQFH LQ WKH &KLQHVH DQG .DGD]DQ
'XVXQ HWKQLF JURXSV+RZHYHU RQO\ WKH0DOD\ HWKQLF JURXS
VKRZHG VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ ,OH9DO















RI WKHPRVW VRFLDO VLJQLILFDQWSUREOHP LQREVWHWULFVDQGKDVD
PXOWLIDFWRULDO EDFNJURXQG 7KH DLP RI WKLV UHVHDUFK ZDV WR
GHWHFW WKH FRQWULEXWLRQRI VRPHJHQHWLFSUHGLVSRVLWLRQ IDFWRUV
RI50LQ.D]DNKSRSXODWLRQ$PRQJFRXSOHVZLWK50LQ
DQDPQHVLV LQ WKH.D]DNKSRSXODWLRQF\WRJHQHWLFDO*EDQGLQJ
DVVD\ ZDV SHUIRUPHG 7KH SRO\PRUSKLVPV RI JHQHV RI
FRDJXODWLRQ V\VWHP Ⱥ* )9 ɢ *Ⱥ ),, **
3/$1+ IRODWH PHWDEROLVP JHQHV &7 Ⱥɋ
07+)5 Ⱥ* 0755 DQG Ⱥ* 075 ,, SKDVH RI
GHWR[LILFDWLRQ V\VWHP± GHO*670DQG*677 ,OH9D,
9DO$OD*673ZHUHGHWHFWHGE\3&55)/3IROORZHGE\
GLJHVWLRQZLWK VSHFLILF UHVWULFWLRQ HQ]\PH 6WXG\ZDV FDUULHG
RXW LQ D JURXS RI ZRPHQZLWK  DQGPRUH VSRQWDQHRXV
HDUO\ DERUWLRQV LQ DQDPQHVLV DQG  ZRPHQ ZLWK QRUPDO
UHSURGXFWLYH IXQFWLRQ $OO ZHUH .D]DNKV DQG FRPSDUDEOH LQ
DJH DQG VRPDWLF DQDPQHVLV 5HVXOWV 7KH IUHTXHQF\ RI
FKURPRVRPDO DEQRUPDOLWLHV DPRQJ SDWLHQWV ZLWK 50 ZDV
 RXW RI WKHP WUDQVORFDWLRQV  GHOHWLRQV 
LQYHUVLRQVFKURPRVRPDOSRO\PRUSKLVPV7KH
PRVW LPSRUWDQW FRQWULEXWLRQ LQ 50 ZDV GHWHUPLQHG IRU
XQIDYRUDEOH JHQRW\SHV RI  ),, ɢ )9 FRDJXODWLRQ IDFWRUV
FDUULHUV RI ZKLFK LQFUHDVH WKH ULVN RI 50 LQ  WLPHV
DQWLSKRVSKROLSLG V\QGURPH $36 LQ  WLPHV  6LJQLILFDQW
GLIIHUHQFHV EHWZHHQ ZRPHQ ZLWK 50 DQG FRQWURO JURXS LQ
IUHTXHQFLHV RI ɌɌ DQG ɋɋ JHQRW\SHV 07+)5
** 0755 DQG ** 075 ZHUH IRXQG ZKLFK
LQFUHDVH ULVN RI 50 LQ  WLPHV 7KH VLJQLILFDQW
DVVRFLDWLRQXQIDYRUDEOHSRO\PRUSKLVPVRIIRODWHPHWDEROLVPV
JHQHVZLWKULVNRI'RZQV\QGURPHDQGGHIHFWVRIQHXUDOWXEHV
'17 DPRQJ IHWXVHV ZHUH FRQILUPHG &RQFOXVLRQV ZH
REVHUYHG WKH VLJQLILFDQW JHQHWLF LQSXW RI FKURPRVRPDO
DEQRUPDOLWLHV DQG PXWDQW JHQRW\SHV LQ 50 $36 '17
VXJJHVWLQJ WKDW WKLV JHQRW\SHV FDXVH K\SHU FRDJXODWLRQ
LQFUHDVH WKH WR[LF SURGXFW FRQFHQWUDWLRQ DQG HQGRWKHOLDO



















VHYHUDO 7'0 UHODWLYH JHQHV ZHUH LGHQWLILHG E\ *:$6
VWXGLHVRQO\DIHZVWXGLHVDLPHGWRH[DPLQHWKHHIIHFWRIWKH
ULVN SRO\PRUSKLVPV RQ WKH DJH DW GLDJQRVLV RI 7'0 7KH
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SXUSRVH RI WKLV VWXG\ LV WR LQYHVWLJDWH ZKHWKHU WKH JHQHV
SRO\PRUSKLVPV RI $73ELQGLQJ FDVVHWWH WUDQVSRUWHU $
$%&$ OLSRSURWHLQ OLSDVH /3/ DQG SHUR[LVRPH
SUROLIHUDWRUDFWLYDWHG UHFHSWRU JDPPD FRDFWLYDWRU  DOSKD
33$5*&$ DUH DVVRFLDWHG ZLWK HDUO\ RQVHW 7'0 LQ WKH
+DQ &KLQHVH SRSXODWLRQ RI 7DLZDQ $ WRWDO RI  7'0
FDVHVVXEMHFWVKDGHDUO\RQVHW7'0GLDJQRVHGDJH
 \HDUV DQG  VXEMHFWV KDG ODWHRQVHW 7'0 GLDJQRVHG
DJHؤ\HDUVZHUHUHFUXLWHGIURP&KLQD0HGLFDO8QLYHUVLW\
+RVSLWDO &08+ 7DLZDQ %ORRG VDPSOHV ZHUH WDNHQ IRU
'1$H[WUDFWLRQIURP7'0VXEMHFWV7KHJHQHSRO\PRUSKLVP
ZDVJHQRW\SHE\SRO\PHUDVHFKDLQUHDFWLRQLQHDFKSDWLHQW,Q
RXU GDWDEDVH PRUH PDOHV \RXQJHU DJH DQG VXEMHFWV ZLWK
KLJKHU ERG\ ZHLJKW ORQJHU GLVHDVH GXUDWLRQ DQG ORZHU &
SHSWLGH YDOXH ZHUH IRXQG LQ HDUO\ RQVHW '0 VXEMHFWV 7KH
VLJQLILFDQFH RI  613V  RQ$%&$ZLWK 3 YDOXH RI 
UV UVDQG UVDQG
RQ33$5*&$ZLWKSYDOXHRIUVDQG
UV ZHUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH DJH DW
GLDJQRVLVRIW\SHGLDEHWHV+RZHYHUWKHDVVRFLDWLRQEHWZHHQ
/3/ JHQH SRO\PRUSKLVP DQG HDUO\ RQVHW 7'0 ZDV QRW
REVHUYHG ,Q DGGLWLRQ WKH PHDQ YDOXH RI LQVXOLQ ZDV
VLJQLILFDQW GLIIHUHQW DPRQJ WKH GLIIHUHQW $%&$ JHQH
SRO\PRUSKLVPV LQ HDUO\ RQVHW 7'0 SDWLHQWV 2XU
REVHUYDWLRQVVXJJHVWWKDWWKHJHQHWLFYDULDWLRQRI$%&$DQG
33$5*&$ PLJKW EH XVHIXO IRU WKH GHWHFWLRQ RI VXEMHFWV















0HWDEROLF GLVRUGHUV DUH RQH RI WKH PDMRU FRQFHUQV LQ
QHZERUQV 3K\VLFLDQV DQG 3HGLDWULFLDQV DOO DURXQG WKH ZRUOG
DUH WU\LQJ WR FRQYLQFH SDUHQWV WR VFUHHQ WKHLU EDELHV IRU
PHWDEROLFGLVRUGHUVDIWHUWKH\DUHERUQ1HZERUQVFUHHQLQJLV





 PHWDEROLF GLVRUGHUV LQ FKLOGUHQ   QHZERUQ VDPSOHV




$V WKH VDPSOHV DUH IURP SULYDWH KRVSLWDOV DQG WKH IDFLOLW\ LV
XWLOL]HGPRVWO\E\ WKHH[SDWULDWHV LW LVREVHUYHG WKDWRI
WKH $VLDQ SRSXODWLRQ RXW RI WKH  VDPSOHV KDG SRVLWLYH
UHVXOWV IRU YDULRXV PHWDEROLF GLVRUGHUV DQG WKH VLPLODU
FRQGLWLRQVZHUHREVHUYHGLQRI$UDEV7KHUHVXOWRIWKH
VFUHHQLQJ DOVR VKRZV WKDW  RI WKH EDELHV KDG *3'
GHILFLHQF\  RI WKHP KDG FRQJHQLWDO K\SRWK\URLGLVP
 DF\FDUQLWLQH SURILOH GLVRUGHUV DQG  VXIIHUV IURP
KHPRJORELQRSDWKLHV7KHVWXG\LQWURGXFHV WKDW UDUHPHWDEROLF
GLVRUGHUV OLNH DF\OFDUQLWLQH SURILOH GLVRUGHU 6&+$' WKDW LV
QRWFRPPRQO\LGHQWLILHGZLWKWKHURXWLQHDQDO\VHVDOVRH[LVWLQ
WKHPL[HGSRSXODWLRQRI8$(2XU VWXG\ LQGLFDWHV WKDWPRUH
H[WHQVLYH UHVHDUFK QHHGV WR EH GRQH WR LGHQWLI\ WKHVH UDUH
FRQGLWLRQV LQ WKH UHJLRQ3HGLDWULFLDQVDQGFOLQLFDOJHQHWLFLVWV
PXVW EH LQIRUPHG LPPHGLDWHO\ DIWHU WKH LGHQWLILFDWLRQ RI WKH












2EMHFWLYH 7R UHSRUW XQXVXDO UHYHUVLEOH FDXVH RI
FDUGLRP\RSDWK\ &OLQLFDO3UHVHQWDWLRQDQG ,QWHUYHQWLRQ$
PRQWKV ROG ER\ DGPLWWHG WR RXU KRVSLWDO WKURXJK(PHUJHQF\
'HSDUWPHQWZLWKKLVWRU\RISHQLOHHQODUJHPHQWDQGSURJUHVVLYH
GDUNQHVV RI VNLQ IRU WKH ODVW  PRQWKV IDPLO\ KLVWRU\ RI
VLPLODUSUREOHP&OLQLFDOH[DPLQDWLRQVKRZLQJJRRGERG\EHOW
ZLWKZHLJKW RI NJ LQWK SHUFHQWLOH KHLJKW FPZKLFK LV
DERYHWK 3HUFHQWLOH KLJK%3  DERYH WK SHUFHQWLOH
K\SHUSHJPHQWDLRQRIJXPZLWKGDUNQHVVRIVNLQIDFLDODFQH
SHQLOH HQODUJHPHQW ZLWK FP OHQJWK DERYH WK SHUFHQWLOH
ZLWK VFURWDO K\SHU SLJPHQWDWLRQ WHVWLFXODU VL]H SUH SXEHUWDO
ZLWK QR SXELF KDLU /DERUDWRU\ LQYHVWLJDWLRQ VKRZLQJ KLJK
$&7+ SJPO QRUPDO UDQJH SJPO ZLWK ORZ VHUXP
FRUWLVROHQPRO/QPRO/K\GUR[\SURJHVUHURQH
QPROOQPRO/DQGURVWHQGLRQHPRUHWKDQQPRO/
QPRO/ 7HVWRVWHURQH QPRO/ KLJK IRU KLV DJH
QPRO/ )6+ P,8PO /+ P,8PO
GHR[\FRUWLFRVWHURQHZDVQRWDYDLODEOHDGYDQFHGERQHDJH
\HDUV HFKRFDUGLRJUDSK\ VKRZLQJ PLOG GLODWHG
FDUGRLP\RSDWK\ 3DWLHQW GLDJQRVHG DV FDVH RI FRQJHQLWDO
DGUHQDO K\SHUSODVLD EHWDK\GUR[ODVH GHILFLHQF\
K\GURFRUWLVRQH WUHDWPHQW VWDUWHG ZLWK DQWL K\SHUWHQVLYH
PHGLFDWLRQ ,Q  PRQWK IROORZXS ZHDQ RI DQWLK\SHUWHQVLYH
PHGLFDWLRQ UHSHDWHG HFKRFDUGLRJUDSK\ ZDV QRUPDO DFQH
GLVDSSHDUVNLQGDUNQHVVDQGK\SHUSHJPHQWDWLRQLPSURYHGDQG
SDWLHQWFXUUHQWO\UHFHLYLQJK\GURFRUWLVRQHWDEOHWPJ$0DQG
PJ 30 &RQFOXVLRQ  &$+ W\SH EHWDK\GUR[\ODVH
GHILFLHQF\FDQEHPLVVHGHVSHFLDOO\LQPDOHXQWLOSUHVHQWZLWK
FRPSOLFDWLRQV VXFK DV WKDW UHODWHG WR K\SHUWHQVLRQ


















0HODQRFRUWLQ UHFHSWRU 0&5 LV D *SURWHLQ FRXSOHG
UHFHSWRUZKLFKUHJXODWHVDSSHWLWHDQGERG\ZHLJKW0XWDWLRQV
LQ WKH 0&5 JHQH FDXVH WKH PRQRJHQLF IRUP RI REHVLW\
0&5PXWDWLRQV UHVXOW LQ HDUO\ RQVHW RI REHVLW\ 7KLV VWXG\
ZDVDLPHGWRLQYHVWLJDWHWKH0&5UVSRO\PRUSKLVP
9DO,OH DQG LWV DVVRFLDWLRQ ZLWK REHVLW\UHODWHG
SDUDPHWHUV LQ D 0DOD\VLDQ 0DOD\ SRSXODWLRQ 7KLV VWXG\
LQYROYHG  VXEMHFWV 2EHVLW\UHODWHG SDUDPHWHUV ZHUH
FROOHFWHG %XFFDO VZDEV ZHUH FROOHFWHG IRU H[WUDFWLRQ RI
JHQRPLF'1$7KHJHQRW\SLQJZDVSHUIRUPHGXVLQJUHDOWLPH
3&5V\VWHP7KHUHVXOWVVKRZHGWKDWRIWKHQRQREHVHDQG
REHVH JURXSV ZHUH *$ KHWHUR]\JRWHV UHVSHFWLYHO\ 7KH
IUHTXHQFLHV RI ** KRPR]\JRWHV LQ QRQ REHVH DQG REHVH
JURXSV ZHUH  LQ ERWK 1R$$ KRPR]\JRWHVPXWDQW ZDV
IRXQG LQ ERWK QRQ REHVH DQG REHVH JURXSV 7KH JHQRW\SHV
ZHUHLQ+DUG\:HLQEHUJHTXLOLEULXP6LJQLILFDQWDVVRFLDWLRQV
ZHUH REVHUYHG EHWZHHQ 0&5 UV 613 ZLWK /'/
FKROHVWHURO DJH DQG JHQGHU DGMXVWHG DGGLWLYH PRGHO S 
 5  DQG ZLWK WRWDO FKROHVWHURO DJH DQG JHQGHU
DGMXVWHG DGGLWLYH PRGHO S  5  7KHUH LV QR
VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ WKH 0&5 UV 613














,QGLDQV KDYH D KLJK SURSHQVLW\ WR GHYHORS &RURQDU\ $UWHU\
'LVHDVH &$' DQG LW KDV EHHQ HVWLPDWHG WKDW  RI WKH
ZRUOGVµFDUGLDFSRSXODWLRQZLOOEHLQ,QGLDE\WKH\HDU,Q
WKLV FRQWH[W LW LV YHU\ LPSRUWDQW WR HYDOXDWH WKH QHZPDUNHUV
HVSHFLDOO\JHQHWLFYDULDQWVLQWKH,QGLDQSRSXODWLRQZKLFKLVD
KHWHURJHQHRXV JURXS *HQRPHZLGH VWXGLHV KDYH LPSOLFDWHG
613V LQ NE UHJLRQ RI FKURPRVRPH S WR EH DVVRFLDWHG




FRQWUROV 6LJQLILFDQWO\ KLJKHU IUHTXHQF\ RI WKH * DOOHOH ZDV
VHHQ LQ FDVHV DV FRPSDUHG WR FRQWUROV  YV  7KH *
DOOHOH VKRZHG DVVRFLDWLRQZLWK ULVNRI&$' 25 
&,37KHDVVRFLDWLRQLVH[SODLQHGE\WKH
UHFHVVLYHPRGHORI LQKHULWDQFH$GGLWLRQRI WKHSDOOHOH WR




FRQFOXVLRQ WKH UV  $* 613 DW WKH S ORFXV LV

















JHQHWLF SRO\PRUSKLVP SDUWLFXODUO\ IRU LWV HIIHFWV RQ OLSLG
SURILOHV 6HYHUDO HSLGHPLRORJLFDO VWXGLHV KDYH LGHQWLILHG WKDW
SODVPD FRQFHQWUDWLRQV RI ORZGHQVLW\ OLSRSURWHLQ /'/ DQG
KLJKGHQVLW\ OLSRSURWHLQ +'/ FKROHVWHURO DQG WULJO\FHULGHV
7*DUHLPSRUWDQWSUHGLFWRUVRIP\RFDUGLDOLQIDUFWLRQ0,DQG
FRURQDU\ KHDUW GLVHDVH $SROLSRSURWHLQ ( D DPLQR DFLG
N'D PROHFXODU ZHLJKW LV SRO\PRUSKLF DQG H[LVW LQ WKUHH
SURWHLQ LVRIRUPV GHVLJQHG ( ( DQG ( HQFRGHG E\ WKUHH
DOOHOHV İ İ DQG İ7KHVH WKUHH DSR( LVRIRUPVGLIIHU IURP
HDFKRWKHUE\DPLQRDFLGVXEVWLWXWLRQDWHLWKHUDPLQRDFLG
RU  7KHVH WKUHH LVRIRUPV GHWHUPLQH WKH VL[ JHQRW\SHV
HH HH H HH HH DQG HH $SR( LV D
FRQVWLWXHQWRIVHYHUDOFODVVHVRISODVPDOLSRSURWHLQYHU\ORZ
GHQVLW\OLSRSURWHLQV9/'/KLJKGHQVLW\OLSRSURWHLQV+'/
LQWHUPHGLDWH GHQVLW\ OLSRSURWHLQV ,'/ DQG &K\ORPLFURQV
DQG SOD\V D NH\ UROH LQ UHJXODWLQJ SODVPD FKROHVWHURO DQG
WULJO\FHULGH KRPHRVWDVLV IXQFWLRQLQJ DV OLJDQG IRU /'/
UHFHSWRUV/'/UHFHSWRUUHODWHGSURWHLQ+RZHYHUWKHUHDUHQR
UHSRUWV LQYHVWLJDWLQJ DSR( JHQH SRO\PRUSKLVPV LQ $OJHULDQ
SDWLHQWV:H WKHUHIRUH GRQH WKHSUHVHQW VWXG\ WR HVWLPDWH WKH
IUHTXHQF\RIDSR(JHQRW\SHDQGDOOHOHVLQKHDOWK\VXEMHFWVDQG
LQSDWLHQWVZLWKFHUHEURYDVFXODUGLVHDVHDVZHOOWKHSUHYDOHQFH
RI GLVHDVH DVVRFLDWHG ZLWK SDUWLFXODU DSR( JHQRW\SHV DQG
DOOHOHV 0HDQ OHYHO RI OLSLG DV ZHOO DV JHQHWLF RI
$SROLSRSURWHLQ(DSR(ZHUHGHWHUPLQHGLQFRQWURODQG
LQ&9'LQFOXGLQJFHUHEUDOLQIDUFWLRQDQGFHUHEUDO
KHPRUUKDJH  LQ VXEMHFWV LQ &RQVWDQWLQH D VHOHFWHG
SRSXODWLRQRI HDVW RI$OJHULD7KH DSR(DOOHOH IUHTXHQFLHVRI
SDWLHQWV,&9'DQGFRQWUROVZHUHYVIRUɽ
YV  IRU ɽ DQG  YV  IRU ɽ 7KH SDWLHQWV
FRPSDUHG ZLWK FRQWURO VXEMHFWV KDG VWDWLVWLFDOO\ VLJQLILFDQWO\
KLJKHU PHDQ FKROHVWHURO   PJGO YV  
PJGOSDQG/'/&PJGOYV
PJGO  S  DQG ORZHU +'/ FKROHVWHURO  ZLWK PHDQ
YDOXHVRI  PJGOYVPJGOS7KRVH
SDWLHQWV ZKR FDUULHG WKH DSR(H DOOHOH KDG DQ DVVRFLDWLRQ
ZLWKFHUHEUDOLQIDUFWLRQEXWQRWZLWKFHUHEUDOKHPRUUKDJHWKH
FDUULHUVRIDOOHOHɽDQGɽɽVXEMHFWVFRPSDUHGZLWKɽɽDUH
DVVRFLDWHGZLWK DQ LQFUHDVHG LQFLGHQFH RI ,&9'  ZLWK RGGV
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GLVHDVH &+' DUH FRPPRQ ELUWK GHIHFWV DQG DUH D OHDGLQJ
FDXVHRILQIDQWPRUWDOLW\PRUELGLW\&+'LVDSULPDU\IHDWXUH
RI PDQ\ JHQHWLF V\QGURPHV EXW JHQHWLF FDXVHV RI QRQ
V\QGURPLF &+' DUH LQFUHDVLQJO\ EHLQJ UHFRJQL]HG &+'
DIIHFWV DW OHDVW RQH LQ  OLYH ELUWKV ,W UDQJHV ZLGHO\ LQ
VHYHULW\ IURP WLQ\ KROHV EHWZHHQ KHDUW FKDPEHUV WKDW FORVH
QDWXUDOO\ WR OLIHWKUHDWHQLQJ DEQRUPDO VWUXFWXUHV VXFK DV
K\SRSODVWLF OHIWKHDUW V\QGURPH 5HFHQWO\ LGHQWLILHG GLVHDVH
JHQHV IRU V\QGURPHV DVVRFLDWHGZLWK FRQJHQLWDO KHDUW GLVHDVH
DUH DOVR LQFUHDVLQJ7KHVH JHQH GLVFRYHULHV DUH EHLQJ UDSLGO\
WUDQVODWHG LQWR PHDQLQJIXO JHQHWLF WHVWLQJ LPSURYLQJ WKH




'HSDUWPHQW RI WKH 15& GXULQJ D SHULRG RI  \HDUV 
 ,W DLPV WR LGHQWLI\ DW ULVN IDPLOLHV DQG W\SHV RI
V\QGURPHV ZLWK &+' LGHQWLI\ W\SHV RI FKURPRVRPDO
DQRPDOLHV FDXVLQJ WKHVH GLVHDVHV 	 VWXG\ WKH VSHFWUXP RI
PXWDWLRQV LQ NQRZQ FDQGLGDWH JHQHV &KURPRVRPDO DQDO\VLV
ZDV SHUIRUPHG RQ  FDVHV0ROHFXODU VWXGLHVZHUH FDUULHG
RXW IRU  FDVHV 0XWDWLRQ GHWHFWLRQ ZDV GRQH XVLQJ 3&5
66&3 DQG '1$ VHTXHQFLQJ $VVRFLDWHG PDOIRUPDWLRQV DV
NQRZQV\QGURPHVLQFOXGHG5XVVHOO6LOYHU-DFREVHQ1RRQDQ
&RVWHOOR $SHUW .DPSWRPHOLF G\VSODVLD0F.XVLN .DXIPDQ
5XELQVWLHQ7D\EL :LOOLDP +ROW2UDP 	 5REHUWV
&KURPRVRPDODQRPDOLHVUHSRUWHGDUH WULVRP\ WULVRP\
WULVRP\;<W;<W;;PDU
;;GHO T ;; GXST ;;; ; ;;<
;; LQY'1$VHTXHQFLQJRI1.; JHQH UHYHDOHG
WZRGLIIHUHQWPXWDWLRQV LQ WZRXQUHODWHGSDWLHQWV6HTXHQFLQJ
RI *$7$ JHQH LQ SDWLHQWV ZLWK 72) KDV VKRZQ
SRO\PRUSKLVP LQ H[RQ  DW QXFOHRWLGH  $* LQ 




RI $6'FDVHV 5HVXOWV RI*$7$JHQH FRQFOXGHG
WKH SUHVHQFH RI WZR VLOHQW PXWDWLRQV LQ WZR RXW RI  72)
FDVHV  DQG WKUHH 613V LQ  RXW RI  72) FDVHV
   5HVXOWV RI T FULWLFDO 'L*HRUJH UHJLRQ
&'*5FRQFOXGHG WKHSUHVHQFHRIPLFURGHOHWLRQ LQRXWRI
 'L*HRUJH 9&) V\QGURPH FDVHV   5HVXOWV RI

















ERWK ELRFKHPLFDO DQG JHQHWLF WKDW FRXOG LGHQWLI\
SUHV\PSWRPDWLFDOO\ LQGLYLGXDOV VXVFHSWLEOH WR WKH
GHYHORSPHQWRIFRURQDU\DUWHU\GLVHDVH&+'LQ6DXGLV7KLV
LQYHVWLJDWHG JURXS LQFOXGHG  LQGLYLGXDOV PDOHV 
IHPDOHV  VXIIHULQJ IURP &+' DQG  KHDOWK\ DGXOW
FRQWUROVPDOHVIHPDOHV%ORRGVDPSOHVFROOHFWHG
IURP IDVWLQJ LQGLYLGXDOV ZHUH DQDO\]HG IRU ELRFKHPLFDO
SDUDPHWHUV>UHQDOERQHOLYHUIXQFWLRQWHVWVHOHFWURO\WHVOLSLGV
DQG OLSRSURWHLQV DSROLSRSURWHLQV LQVXOLQ FRDJXODWLRQ
SDUDPHWHUV OHSWLQ DQG /SD@ 7KH '1$ ZDV H[WUDFWHG DQG
XVHGIRUWKHDQDO\VLVRIDQJLRWHQVLQFRQYHUWLQJHQ]\PH$&(
JHQH 6$ JHQH JO\FRJHQ V\QWKHWDVH JHQH JOXFRNLQDVH JHQH
DQGSDUDR[LQDVH321JHQHSRO\PRUSKLVPV$&(JHQRW\SHV
'' ,' DQG ,, ZHUH LGHQWLILHG DQG VKRZHG H[WHQVLYH
SRO\PRUSKLVP7KHIUHTXHQF\RI,,JHQRW\SHZDVKLJKHU
 YV  ZKLOH WKH '' JHQRW\SH RFFXUUHG DW D ORZHU
SUHYDOHQFHYVLQ&+'SDWLHQWVFRPSDUHGWR
WKH FRQWURO 7KH IUHTXHQF\ RI 6$ JHQRW\SH $$ ZDV
VLJQLILFDQWO\KLJKHULQ WKH&+'SDWLHQWVYV
ZKLOHWKDWRI$$ZDVVLJQLILFDQWO\ORZHUYV
FRPSDUHG WR WKHQRUPDO FRQWUROJURXS S3DUDR[RQDVH
321 DQG JO\FRJHQ V\QWKDVH JHQRW\SHV GLG QRW VKRZ DQ\
VLJQLILFDQW GLIIHUHQFH LQ WKH SDWLHQWV ZLWK &+' DQG QRUPDO
FRQWUROV7KH&+'SDWLHQWVVKRZHGHOHYDWLRQVRI/SDOHSWLQ
XUHD FUHDWLQLQH DODQLQH DPLQR WUDQVIHUDVH $/7 FUHDWLQLQH
SKRVSKR NLQDVH &3. ODFWDWH GHK\GURJHQDVH /'+
FKROHVWHURO WULJO\FHULGH ORZ GHQVLW\ OLSRSURWHLQ /'/ DQG
/'/FKROHVWHURO DSROLSRSURWHLQ DSR % ILEULQRJHQ DQG
DSDUWLDO WKURPERSODVWLQ WLPH ZKLOH DSR $ KLJK GHQVLW\
OLSRSURWHLQ +'/ DQG +'/FKROHVWHURO ZHUH VLJQLILFDQWO\
ORZHU S0DMRULW\RI WKHSDWLHQWV !KDG/SD!
 QPROO DQG WKH OHYHOV RI /SD FRUUHODWHG SRVLWLYHO\ ZLWK
FKROHVWHURO OHYHO S   DQG SODWHOHW FRXQW S  



















0XWDWLRQV LQ WKH JOXFRFHUHEURVLGDVH *&DVHHQFRGLQJ JHQH
OHDG WR DFFXPXODWLRQ RI JXFRV\OFHUDPLGHV PDQLIHVWHG DV
*DXFKHUGLVHDVH:HKDYHVKRZQ WKDWPXWDQW*&DVHYDULDQWV
SUHVHQW YDULDEOH GHJUHHV RI (5 UHWHQWLRQ DQG XQGHUJR (5
DVVRFLDWHGGHJUDGDWLRQ(5$'LQWKHSURWHDVRPH7KH(5$'
SURFHVV UHTXLUHV VSHFLILF ( OLJDVHV ZKLFK XELTXLWLQDWH WKH
PLVIROGHG HQ]\PH EHIRUH LWV HOLPLQDWLRQ LQ WKH SURWHDVRPH
*DXFKHU PXWDWLRQV KDYH EHHQ UHFHQWO\ LGHQWLILHG DV D PDMRU
FDXVHIRU3DUNLQVRQGLVHDVH$QDVVRFLDWLRQEHWZHHQ*DXFKHU
GLVHDVH DQG 3DUNLQVRQ GLVHDVH KDV EHHQ GHPRQVWUDWHG E\ WKH
FRQFXUUHQFHRI3DUNLQVRQGLVHDVH LQ*DXFKHUGLVHDVHSDWLHQWV
DQG WKH LGHQWLILFDWLRQ RI *&DVH PXWDWLRQV LQ SUREDQGV ZLWK
VSRUDGLF 3DUNLQVRQ GLVHDVH 2QH RI WKH JHQHV LQYROYHG LQ
3DUNLQVRQGLVHDVH LVSDUNLQHQFRGLQJDQ(XELTXLWLQSURWHLQ
OLJDVH 3DUNLQ DOVR IXQFWLRQV LQ WKH (5$' RI PLVIROGHG (5
SURWHLQV DQG LW LV XSUHJXODWHG E\ XQIROGHGSURWHLQ UHVSRQVH
835 /RVV RI SDUNLQ IXQFWLRQ OHDGV WR DFFXPXODWLRQ RI LWV
VXEVWUDWHV ZKLFK LV GHOHWHULRXV WR GRSDPLQHUJLF QHXURQV LQ
3DUNLQVRQGLVHDVH:HWKHUHIRUHWHVWHGWKHSRVVLELOLW\WKDWWKH
DVVRFLDWLRQ EHWZHHQ *DXFKHU GLVHDVH DQG 3DUNLQVRQ GLVHDVH
UHIOHFWV WKH IDFW WKDW SDUNLQ DFWV DV DQ ( OLJDVH RI PXWDQW
*&DVH YDULDQWV 2XU UHVXOWV VKRZHG WKDW PXWDQW *&DVH
YDULDQWVDVVRFLDWHZLWKSDUNLQ1RUPDOSDUNLQEXWQRWLWVULQJ
ILQJHUPXWDQWVDIIHFWVWKHVWDELOLW\RIPXWDQW*&DVHYDULDQWV
3DUNLQ DOVR SURPRWHV WKH DFFXPXODWLRQ RI PXWDQW *&DVH LQ
DJJUHVRPH OLNH VWUXFWXUHV DQG LV LQYROYHG LQ . PHGLDWHG
SRO\XELTXLWLQDWLRQRI*&DVHPXWDQWVLQGLFDWLQJLWVIXQFWLRQDV
WKHLU ( OLJDVH ,Q WUDQVIHFWHG &26 FHOOV SDUNLQ DQG PXWDQW
*&DVH FRORFDOL]HG LQ SHULQXFOHDUDJJUHVRPHOLNH VWUXFWXUHV
,Q VNLQ ILEUREODVWV WKDW GHULYHG IURP *DXFKHU SDWLHQWV WKHUH
ZDV DQ DVVRFLDWLRQ EHWZHHQ SDUNLQ DQG PXWDQW *&DVH DV
WHVWHG E\ FRLPPXQRSUHFLSLWDWLRQ DQDO\VHV 0RUHRYHU WKH
GHJUHH RI PXWDQW *&DVH XELTXLWLQDWLRQ LQ WKHVH FHOOV ZDV
PXWDWLRQGHSHQGHQW7DNHQ WRJHWKHURXU UHVXOWV LPSOLFDWH WKDW
WKH (5$' SURFHVV RI PXWDQW JOXFRFHUHEURVLGDVH LQ
GRSDPLQHUJLF FHOOV DIIHFWV GHJUDGDWLRQ RI QRUPDO SDUNLQ

















$QJLRWHQVLQ , &RQYHUWLQJ HQ]\PH $&( JHQH LV RQH RI WKH
OHDGLQJ FDQGLGDWH JHQHV IRU K\SHUWHQVLRQ 6WXGLHV RQ WKH
DVVRFLDWLRQRI$&(LQVHUWLRQGHOHWLRQ,'SRO\PRUSKLVPDQG
WKH ULVN RI GHYHORSLQJ HVVHQWLDO K\SHUWHQVLRQ (+ KDYH
JHQHUDWHG LQFRQVLVWHQW LQIRUPDWLRQ LQ GLIIHUHQW HWKQLF
SRSXODWLRQV 7KLV VWXG\ ZDV GHVLJQHG WR VHDUFK IRU QHZ
SRO\PRUSKLVPV LQ WKH$&(JHQH LQ$VLDQ,QGLDQVDQG WR WHVW
ZKHWKHUWKHVHVSHFLILFYDULDQWVDQGKDSORW\SHVZHUHDVVRFLDWHG
ZLWK VXVFHSWLELOLW\ WR (+ 8VLQJ D V\VWHPDWLF DSSURDFK ZH
VHDUFKHG WKH  H[RQV DORQJZLWK WKHLU ,QWURQ([RQ MXQFWLRQV
DQG SDUW RI LQWURQLF IUDJPHQWV RI $&( JHQH IRU VHTXHQFH
YDULDQWV LQ1RUWK ,QGLDQV)LYHYDULDQWVZHUH LGHQWLILHGXVLQJ
'+3/&DQG'1$VHTXHQFLQJ7KHVHILYHYDULDQWVSOXVRQHEL
DOOHOLF ,QVHUWLRQ'HOHWLRQ SRO\PRUSKLVP LQ WKH $&( JHQH
$&( ,' ZHUH H[DPLQHG IRU DVVRFLDWLRQ ZLWK (+ LQ 
HVVHQWLDO K\SHUWHQVLYH SDWLHQWV DQG  DJH DQG JHQGHU
PDWFKHGQRUPRWHQVLYHFRQWUROV3HDUVRQµVȤRU)LVKHUV([DFW
WHVW ZDV XVHG IRU VWDWLVWLFDO FRPSDULVRQV EHWZHHQ WKH VWXG\
JURXSV+DSORW\SHVZHUHJHQHUDWHGE\WKH3+$6(YHUVLRQ
DQG /LQNDJH GLVHTXLOLEULXP ZDV HVWLPDWHG XVLQJ +DSORYLHZ
9HUVLRQVRIWZDUH:HLGHQWLILHGQRYHOVLQJOHQXFOHRWLGH
SRO\PRUSKLVPV613VVVDQGVVDORQJ
ZLWK WZR QRYHO ,QVHUWLRQGHOHWLRQ SRO\PRUSKLVPV
VV DQG VV LQ $&( JHQH LQ RXU
SRSXODWLRQ$&(,'SRO\PRUSKLVPZDVIRXQGWREHLQOLQNDJH
GLVHTXLOLEULXP ZLWK D 613 UV LQ 875 UHJLRQ RI
$&( *HQRW\SH DQG DOOHOH IUHTXHQF\ RI $&( ,' DQG 613
UVZHUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQK\SHUWHQVLYHV
DQG FRQWUROV S S DQGS UHVSHFWLYHO\ DQG
DVVRFLDWHG ZLWK GLVHDVH 25  +DSORW\SH DQDO\VLV UHYHDOHG





WR K\SHUWHQVLYHV DQG DVVRFLDWHG ZLWK GHFUHDVHG ULVN RI (+
S 25  S 25  7DEOH +DSORW\SH




&&,&7$  ,Q FRQFOXVLRQ D VSHFLILF














&DUGLRP\RSDWLHV DUH WKHPRVW FRPPRQGLVRUGHUV UHVXOWLQJ LQ
KHDUW IDLOXUH 'LODWHG FDUGLRP\RSDWK\ '&0 D GLVRUGHU
FKDUDFWHUL]HG E\ FDUGLDF GLODWDWLRQ DQG UHGXFHG V\VWROLF
IXQFWLRQ LV WKH PRVW IUHTXHQW FDXVH +RZHYHU UHFHVVLYH
QHRQDWDO LVRODWHG GLODWHG FDUGLRP\RSDWK\ KDV VFDUFHO\ EHHQ
DVVRFLDWHGZLWK DPXWDWLRQ:H KDYH LGHQWLILHG SDWLHQWVZLWK
DFXWH '&0 LQ RQH WULEH ZLWK FRQVDQJXLQHRXV IDPLO\ RI WKH
%HGRXLQ SRSXODWLRQ 7KUHH VXEIDPLOLHV FRQWDLQ ILYH SDWLHQWV
DQG IRXU KHDOWK\ VLEOLQJV ZHUH LQYHVWLJDWHG 7KH GLVHDVH
DSSHDUV WREHIDPLOLDOZLWKDQDXWRVRPDOUHFHVVLYHSDWWHUQRI
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LQKHULWDQFH 613V DUUD\ DQG WKHQ OLQNDJH DQDO\VLV ZDV
SHUIRUPHG XVLQJ SRO\PRUSKLF PLFURVDWHOOLWH PDUNHUV WR
FRQILUP WKH OLQNDJH UHJLRQ RQ FKURPRVRPH >TT@















(Q]\PHV HQFRGHG E\ WKH $.5& DQG $.5& JHQHV DUH

GLK\GURWHVWRVWHURQH '+7 UHVSHFWLYHO\7KH HIIHFWRI DPLQR
DFLG VXEVWLWXWLRQV UHVXOWLQJ IURP VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV 613V LQ WKH$.5& JHQH RQ LWV HQ]\PH
NLQHWLFVZHUHGHWHUPLQHGH[SHULPHQWDOO\E\7DNDVKLHWDO:H
XVHGKRPRORJ\PRGHOLQJ WRSUHGLFW DQGDQDO\]H WKH VWUXFWXUH
RI$.5&DQG$.5&JHQHWLFYDULDQWV7KHH[SHULPHQWDO
UHGXFWLRQ LQ HQ]\PH DFWLYLW\ LQ WKH $.5& YDULDQWV )<
DQG /4 LV SUHGLFWHG WR EH GXH WR LQFUHDVHG LQVWDELOLW\ LQ
FRIDFWRUELQGLQJFDXVHGE\GLVUXSWLRQVWRWKHK\GURJHQERQGV
EHWZHHQ1$'3DQG$.5& UHVXOWLQJ IURPWKH LQVHUWLRQRI
SRODUUHVLGXHVLQWRODUJHO\QRQSRODUHQYLURQPHQWVQHDUWKHVLWH
RI FRIDFWRU ELQGLQJ 2WKHU $.5& YDULDQWV ZHUH VKRZQ WR
LQYROYH HLWKHU FRQVHUYDWLYH VXEVWLWXWLRQV RU FKDQJHV WDNLQJ
SODFH RQ WKH VXUIDFH RI WKH PROHFXOH DQG GLVWDQW IURP WKH
DFWLYH VLWH FRQILUPLQJ WKH H[SHULPHQWDO ILQGLQJ WKDW WKHVH


















3UHP51$VSOLFLQJ LV DQ LPSRUWDQW VWHS LQ WKH H[SUHVVLRQ RI
WKH!HXNDU\RWLFJHQHVWKDWKDYHLQWURQVLQWHUUXSWLQJWKHLU
FRGLQJVHTXHQFHV7KHVSOLFLQJSURFHVVJHQHUDWHVVRPHRIWKH
PROHFXODU GLYHUVLW\ LQ WKH KXPDQ JHQRPH DQG VR SURYLGHV D
P\ULDG RI WHPSODWHV WKDW DUH FUXFLDO IRU VXVWDLQLQJ WKH
FRPSOH[LW\RIKXPDQSK\VLRORJ\+RZHYHU'1$YDULDQWVWKDW
DIIHFW VSOLFLQJ FDQ EH XQGHU GLDJQRVHG GXULQJ URXWLQH '1$
DQDO\VLV 7KH\ FDQ EH LJQRUHG EHFDXVH RI WKHLU ʊVLOHQW”
DSSHDUDQFH EDVHG RQ WKH JHQHWLF FRGH RU IUHTXHQWO\
RYHUORRNHG GXH WR WKHLU LQWURQLF ORFDWLRQV 7KHUH LV HYLGHQFH
LQGLFDWLQJ VRPHPLVVHQVHRU QRQVHQVHPXWDWLRQV FDQ DFWXDOO\
DFW OLNH DV D VSOLFHDIIHFWLQJ YDULDQW  ,Q RUGHU WR JDLQ
H[SHULHQFH LQ GHFRGLQJ WKH VSOLFLQJ LPSOLFDWLRQV RI '1$
YDULDQWV IRU IXWXUH ODUJH VFDOH DQDO\VLV ZH WRRN  NQRZQ
0<%3&PXWDWLRQV LQ IDPLOLDO K\SHUWURSKLF FDUGLRP\RSDWK\
)+&DVDPRGHOIRULQVLOLFRDQDO\VLVXVLQJDZHEWRROFDOOHG
ʊ$XWRPDWHG 6SOLFH 6LWH $QDO\Ves” (OHYHQ  DQG 
 RI WKH YDULDQWV ZHUH SUHGLFWHG WR KDYH D VLJQLILFDQW
LPSDFW RQ VSOLFLQJ DQG D SRWHQWLDO HIIHFW RQ H[RQLF VSOLFLQJ
HQKDQFHUVRUFU\SWLFVSOLFLQJVLWHUHVSHFWLYHO\7KHFKDQJHVRI
LQIRUPDWLRQFRQWHQWV 5LZHUHFDUHIXOO\ VWXGLHG LQ LQWURQLF
YDULDQWVDWRUQWDIWHUDVSOLFLQJGRQRUVLWHRUQW
EHIRUH D VSOLFH DFFHSWRU VLWH DQG ZHUH FRPSDUHG ZLWK 
PXWDWLRQV DW WKH FDQRQLFDO VSOLFH VLWHV 7KH LQ VLOLFR WRRO
VXFFHVVIXOO\SUHGLFWHG DOO WKHVHQRQFRGLQJ FKDQJHV DQG WKHLU
YDULRXV HIIHFWV LQFOXGLQJ  UHGXFHG LQWHUDFWLRQ ZLWK WKH
VSOLFHRVRPHDFWLYDWLRQRIDFU\SWLFVLWHRUGHVWUXFWLRQ
RI D EUDQFK SRLQW 7KH SUHGLFWHG HIIHFWV KDYH EHHQ





ZLWKRXW RYHUORDGLQJ WKH H[SHULPHQWDO DQDO\VLV ,Q VLOLFR
DQDO\VLV ZLOO DOVR EH FUXFLDO IRU LQWHUSUHWLQJ WKH GDWD IURP
PDVVLYHO\ SDUDOOHO VHTXHQFLQJ EDVHG '1$ WHVWLQJ DV ZHOO DV





















V GLVHDVH $' +RZHYHU WKH PROHFXODU
HYHQWV RFFXUULQJ GXULQJ EUDLQ DJLQJ DUH H[WUHPHO\ FRPSOH[
DQG VWLOO ODUJHO\ XQNQRZQ 1HZ DSSURDFKHV VXFK DV
WUDQVFULSWRPLFDSSURDFKHVDUHUHTXLUHGWRXQUDYHOWKHFRPSOH[
ELRORJ\ RI EUDLQ DJLQJ DQG QHXURGHJHQHUDWLYH GLVHDVH )RU D
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EHWWHU XQGHUVWDQGLQJ RI WKHVH DJHDVVRFLDWHG PRGLILFDWLRQV
DQLPDOPRGHOV DV FORVHDV SRVVLEOH WR KXPDQV DUHQHHGHG ,Q
WKLV VWXG\ ZH DQDO\]HG WKH WUDQVFULSWRPH RI WKH WHPSRUDO
FRUWH[7&RI0LFURFHEXVPXULQXVDUHOHYDQWSULPDWHPRGHO
IRU DJLQJ DQG $' VWXGLHV EHFDXVH VRPH RI WKHP SUHVHQW DV
WKH\ DJH DP\ORLG SODTXHV DQG FRUWLFDO DWURSK\ ZKLFK DUH
SDWKRJQRPRQLF VLJQV RI $' LQ KXPDQV :H FRPSDUHG WKH
WUDQVFULSWRPHVRI7&RI\RXQJDGXOWVKHDOWK\ROGDQLPDOV
DQG  $'OLNH DQLPDOV XVLQJ KXPDQ ROLJRQXFOHRWLGH
PLFURDUUD\V $II\PHWUL[ +*8 SOXV  7KHVH GDWD ZHUH
DQDO\]HG E\ GLIIHUHQW VWDWLVWLFDO WRROV VXFK DV $129$
VLJQLILFDQFH DQDO\VLV RI PLFURDUUD\V 6$0 SULQFLSDO
FRPSRQHQW DQDO\VLV 3&$ &OXVWHU DQG 7UHHYLHZ VRIWZDUHV
)XQFWLRQDO FDWHJRUL]DWLRQ ZDV DSSOLHG WR FODVVLI\ JHQHV
DFFRUGLQJ WR WKHLUFHOOXODU IXQFWLRQVEDVHGRQ*HQH2QWRORJ\
*2 FRQVRUWLXP DQG ($6( $QDO\VLV 6\VWHPDWLF ([SORUHU
VRIWZDUH7KHJHQHH[SUHVVLRQGDWDRIJHQHVGHWHFWHG
SUHVHQW LQ DW OHDVW  VDPSOHVZHUH DQDO\]HG8VLQJ$129$
SYDOXHZHLGHQWLILHGJHQHVGLIIHUHQWLDOO\H[SUHVVHG
GXULQJ KHDOWK\ DJLQJ DQG $'OLNH $ERXW RQH WKLUG RI WKHVH
JHQHV VKRZHG VLPLODU FKDQJHV RI H[SUHVVLRQ LQ KHDOWK\ DQG
ʊ$'OLke” DJLQJ ZKHUHDV PRUH WKDQ WZR WKLUGV VKRZHG
RSSRVLWHFKDQJHVLQWKHVHWZRJURXSVLQFRPSDULVRQWR\RXQJ
DQLPDOV %\ 6$0  JHQHV ZHUH LGHQWLILHG ZLWK WKH PRVW
VLJQLILFDQWFKDQJHVLQWKHLUH[SUHVVLRQFRPSDULQJWKHJURXSV
RIDQLPDOV,QDGGLWLRQ3&$VKRZHGWKDWHDFKJURXSLVGLVWLQFW
IURP RWKHUV DQG KLHUDUFKLFDO FOXVWHULQJ LQGLFDWHG WKDW HDFK
JURXS VKRZHG D VSHFLILF H[SUHVVLRQ SURILOH 7KHVH GDWDZHUH
YDOLGDWHGE\UHDO WLPH3&5RQVHYHUDORI WKHPRVWVLJQLILFDQW
XSUHJXODWHG H[SUHVVLRQ GXULQJ DJLQJ VXFK DV 16)/&
LPSOLFDWHGLQV\QDSWLFWUDQVPLVVLRQ8%('&DQG53/LQ
SURWHLQ PHWDEROLVP 1'8)% LQ PLWRFKRQGULDO PHWDEROLVP
6&$1' LQ OLSLG PHWDEROLVP :$6/ DQG 0$3. LQ
WUDQVGXFWLRQ VLJQDOV +,17 DQG &61.* LQ WUDQVFULSWLRQ
UHJXODWLRQ )XQFWLRQDO FDWHJRUL]DWLRQ VKRZHG WKDW HSLJHQHWLF
DQGPHWDEROLF SDWKZD\V QRWDEO\ SURWHLQ V\QWKHVLV SUHVHQWHG
WKH PRVW LPSRUWDQW G\VUHJXODWLRQ GXULQJ DJLQJ DQG $' ,Q
DGGLWLRQPRVWRIWKHVHJHQHVZHUHXSUHJXODWHGLQKHDOWK\ROG
DQLPDOVDQGGRZQUHJXODWHGLQĴĴ$'OLke”DQLPDOV7KHVHGDWD
VXJJHVWHG WKH H[LVWHQFH RI FRPSHQVDWRU\PHFKDQLVPV GXULQJ
SK\VLRORJLFDO EUDLQ DJLQJ WKDW GLVDSSHDUHG LQ $'OLNH
DQLPDOV ,Q FRQFOXVLRQ WUDQVFULSWRPLF DQDO\VLV UHSUHVHQWV D
UHOHYDQW DSSURDFK WR LQYHVWLJDWHPROHFXODU FKDQJHV RFFXUULQJ
GXULQJ FRPSOH[ SURFHVV OLNH DJLQJ DQG $' %HFDXVH ZH

















DWD[LD WHODQJLHFWDVLD $7 WKDW VKDUHV D QXPEHU RI FOLQLFDO
IHDWXUHV DQG VLPLODU FHOOXODU FKDUDFWHULVWLFV 7KHVH FRQGLWLRQV
DUH W\SLFDOO\ GLDJQRVHG DW \RXQJ DJH DW DERXW WKH WLPH WKH
DIIHFWHG FKLOGUHQ VWDUW WR ZDON $7 DQG $7/' SDWLHQWV
GHYHORS SURJUHVVLYH FHUHEHOODU DWD[LD ZKLFK LV UHTXLUHG IRU





'1$ KHDOLQJ PHFKDQLVPV GXH WR LQQDWH SURFHVVHV RU LQ
UHVSRQVHV WR GDPDJH LQGXFHG E\ LRQL]LQJ UDGLDWLRQ DQG
UDGLRPLPHWLFFKHPLFDOVLQFOXGLQJFRPSOH[LQJZLWKFKURPDWLQ
DQG ZLWK RWKHU GDPDJH UHVSRQVH SURWHLQV IRUPDWLRQ RI
UDGLDWLRQLQGXFHG IRFL DQG WKH LQGXFWLRQ RI FHOO F\FOH
FKHFNSRLQWV $7/' LV YHU\ UDUH ZLWK DW SUHVHQW RQO\ 
FRQILUPHG FDVHV  LQ WKH 8.  LQ ,WDO\ DQG  LQ 6DXGL
$UDELD 7KH SDWLHQWV ZHUH HLWKHU KRPR]\JRXV RU FRPSRXQG
KHWHUR]\JRXVIRUGLIIHUHQWPXWDWLRQV7KH6DXGL$UDELDQ
SDWLHQWVZHUH UHODWHG WR  LQGHSHQGHQW IDPLOLHV DQG UHSUHVHQW
WKH ODUJHVW $7/' FRKRUW *HQHWLFDOO\ WKH SDWLHQWV ZHUH
KRPR]\JRXVIRUDQRYHOPLVVHQVHPXWDWLRQD*WR&FKDQJHDW
QXFOHRWLGH  RI WKH0UH JHQH 7KH UHVXOWLQJ DPLQR DFLG
FKDQJHDWSRVLWLRQ7USWR&\VOHDGVWRGHVWDELOL]DWLRQRI
WKH051FRPSOH[7KHKLJKQXPEHURI6DXGL$7/'SDWLHQWV
ZLWK WKLV SDUWLFXODU PXWDWLRQ ZRXOG VXJJHVW QRWLFHDEOH
IUHTXHQF\RI FDUULHUV LQ WKH$UDELFSHQLQVXOD7KLVPD\KDYH
LPSDFW RQ SUHPDULWDO DQG SUHLPSODQWDWLRQ VFUHHQLQJ WR OLPLW
JHQHWLF GLVHDVHV DQG WR SURYLGH LQIRUPHG JHQHWLF FRXQVHOLQJ
7KLV SDSHU ZLOO UHYLHZ GDWD RQ $7/' PXWDWLRQV DQG
FRQFHQWUDWH RQ WKRVH UHODWHG WR WKH VSHFLILF 0UH *&
PXWDWLRQ IRXQG LQ 6DXGL $UDELD LQFOXGLQJ DOOHOLF IUHTXHQF\


















$XWLVP LV D QHXURGHYHORSPHQWDO GLVRUGHU FKDUDFWHUL]HG E\
FOLQLFDO HWLRORJLF DQG JHQHWLF KHWHURJHQHLW\ ,W LV RIWHQ
DVVRFLDWHGZLWKRWKHUFRQGLWLRQVVXFKDVGLVRUGHUVRIWKH&16
WXEHURXV VFOHURVLV GHYHORSPHQWDO GHOD\ DWWHQWLRQ GHILFLW
HSLOHSV\ DQG DQ[LHW\ DQGPRRG GLVRUGHUV 7KH SULPH DLP RI
WKHSUHVHQWVWXG\ZDVWRLGHQWLI\WKHFKURPRVRPDODEHUUDWLRQV
ZLWK DXWLVP SDWLHQWV LQ &RLPEDWRUH UHJLRQ ,Q RUGHU WR
LQYHVWLJDWHWKHSRVVLEOHF\WRJHQHWLFGDPDJHLQDXWLVPSDWLHQWV
SHULSKHUDO EORRG O\PSKRF\WH FXOWXUH 3%/& PHWKRG ZDV
FDUULHG RXW RQ WKH O\PSKRF\WHV RI  DXWLVP SDWLHQW VDPSOHV
DQG HTXDO QXPEHU RI FRQWUROV ZDV VHOHFWHG EDVHG RQ WKH
GHWDLOHGTXHVWLRQQDLUH0RUHRYHUWKHSUHVHQWLQYHVWLJDWLRQKDV
EHHQ FRQGXFWHG LQ WKH \HDU RI  WR  ,Q WKH SUHVHQW
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VWXG\ YROXQWHHUV SURYLGHG EORRG VDPSOHV  PO WR HVWDEOLVK
FHOOFXOWXUHVDWK)RUNDU\RW\SLQJFRPSOHWHPHWDSKDVH
FHOOVIURPHDFKVXEMHFWZHUHHYDOXDWHGXVLQJ7U\SVLQ±*LHPVD
%DQGLQJPHWKRG ,Q RXU VWXG\ FKURPRVRPDO DOWHUDWLRQVZHUH
IUHTXHQWO\ REVHUYHG LQ FKURPRVRPHV      DQG ;
T TT TT TT S ;S DQG
;T 7KH FKURPRVRPDO DEHUUDWLRQ IUHTXHQF\ DPRQJ 
VXEMHFWVZDV  >@ VXSHUQXPHUDU\PDUNHUV  >@
GHOHWLRQV  >@ GXSOLFDWLRQ  >@ LQYHUVLRQV 
>@ WUDQVORFDWLRQV ,Q WKH SUHVHQW VWXG\ FKURPRVRPDO
DEHUUDWLRQV VKRZHG KLJKHU GHJUHH LQ H[SHULPHQWDOV FRPSDUHG
WR FRQWUROV 3 ,Q FRQFOXVLRQ LQ WKLV SLORW VWXG\ ZH
REVHUYHG WKH FKURPRVRPDO LQVWDELOLW\ LQ SHULSKHUDO EORRG
O\PSKRF\WHVPD\EHDSRWHQWLDOELRPDUNHULQDXWLVPSDWLHQWV

























DPRQJQHZERUQV LQYDULRXVKXPDQSRSXODWLRQV ,Q WKLV VWXG\
ZHSUHVHQWGDWDRQWKHPROHFXODUDXGLRORJLFDODQGSRSXODWLRQ
IHDWXUHV RI DXWRVRPDO UHFHVVLYH GHDIQHVV $ ')1%$
DVVRFLDWHGZLWKWKHGRQRUVSOLFLQJVLWHT,96*!$
PXWDWLRQ RI *-% JHQH LQ <DNXW SRSXODWLRQ LVRODWH RI WKH




<DNXW SDWLHQWV ZLWK FRQJHQLWDO +, ZLWKRXW RWKHU FOLQLFDO
IHDWXUHVKDVEHHQSHUIRUPHG
,Q WKLV VWXG\ ZH UHJLVWHUHG D ODUJH FRKRUW RI <DNXW SDWLHQWV
KRPR]\JRXV IRU WKH T ,96*!$ PXWDWLRQ 
XQUHODWHGGHDIVXEMHFWVLQWRWDO'HWDLOHGDXGLRORJLFDODQDO\VLV
RI  GHDI VXEMHFWVZLWK JHQRW\SH T ,96*!$T
 ,96*!$ UHYHDOHG VLJQLILFDQW DVVRFLDWLRQ RI WKLV
JHQRW\SHZLWKPRVWO\V\PPHWULFDOELODWHUDOVHYHUHWRSURIRXQG
+,VHYHUHWRSURIRXQG+,YHUVXVPLOGWRPRGHUDWH
+, S 7KH H[WUHPHO\ KLJK FDUULHU IUHTXHQF\ RI WKH T
 ,96*!$ PXWDWLRQ  IURP VL[ LQYHVWLJDWHG
SRSXODWLRQV KDV EHHQ IRXQG LQ <DNXW SRSXODWLRQ
5HFRQVWUXFWLRQRIKDSORW\SHVZLWKT,96*!$
PXWDWLRQ GHPRQVWUDWHV WKH FRPPRQ RULJLQ RI DOO PXWDQW
FKURPRVRPHV IRXQG LQ <DNXWV 7KH DJH RI PXWDWLRQ ZDV
HVWLPDWHG WR EH DSSUR[LPDWHO\  \HDUV 7KHVH ILQGLQJV
FKDUDFWHUL]H (DVWHUQ 6LEHULD DV WKH UHJLRQ ZLWK WKH PRVW
H[WHQVLYHDFFXPXODWLRQRIWKHT,96*!$PXWDWLRQ
LQ WKH ZRUOG DV D UHVXOW RI IRXQGHU HIIHFW 7KH VWXG\ ZDV
VXSSRUWHGE\5XVVLDQ)RXQGDWLRQ IRU%DVLF5HVHDUFK 
ɚ )HGHUDO 3URJUDPV 6FLHQWLILF DQG HGXFDWLRQDO VWDII
IRU LQQRYDWLYH5XVVLD  IRU\HDUV 
 DQG  IRU \HDUV 


















3HQGUHG V\QGURPH 3'6 DQ DXWRVRPDOUHFHVVLYH GLVRUGHU LV
FKDUDFWHUL]HG E\ VHQVRULQHXUDO GHDIQHVV DQG JRLWHU 7KLV
V\QGURPH LV RQH RI WKH PRVW FRPPRQ IRUPV RI V\QGURPLF
GHDIQHVV +HDULQJ ORVV LV SUHOLQJXDO LQ WKH PDMRULW\ RI WKH
FDVHVRQO\DVXEVHWRISDWLHQWVKDVDSURJUHVVLYHKHDULQJORVV
ODWHU LQ OLIH 7KH GHDIQHVV LV DVVRFLDWHG ZLWK WHPSRUDO ERQH
DEQRUPDOLWLHV UDQJLQJ IURP LVRODWHG HQODUJHPHQW RI WKH
YHVWLEXODU DTXHGXFW (9$ WR 0RQGLQL G\VSODVLD D PRUH
FRPSOH[PDOIRUPDWLRQWKDWDOVRLQFOXGHVFRFKOHDUK\SRSODVLD
3'6 LV FDXVHG E\ PXWDWLRQV LQ WKH 6/&$ JHQH 7KH
6/&$JHQHLVH[SUHVVHGLQWKHQRQVHQVRU\HSLWKHOLDRIWKH
LQQHU HDU 5HFHQWO\ DQ DGGLWLRQDO JHQH )2;,ZDV GHVFULEHG
ZKLFK PD\ DOVR EH UHVSRQVLEOH IRU 3HQGUHG6\QGURPH DQG
0RQGLQL G\VSODVLD 7KH )2;, JHQH LV LQYROYHG LQ WKH
WUDQVFULSWLRQDOFRQWURORIWKH6/&$JHQH,QWKLVVWXG\ZH
DQDO\]HG  SDWLHQWV ZLWK (9$ DQG KHDULQJ ORVV WR
GLVWLQJXLVK EHWZHHQ 3HQGUHG (9$ V\QGURPH DQG 0RQGLQL
G\VSODVLD ,QGLYLGXDO H[RQ DQG LQWURQ WUDQVLWLRQV RI WKH
6/&$DQG)2;,JHQHRISDWLHQWVZHUH3&5VHTXHQFHG
$JHQRPHZLGH OLQNDJHDQDO\VLVZDVDFFRPSOLVKHGXVLQJ WKH
 . JHQRW\SLQJ ,Q WKH DQDO\]HG SDWLHQWV ZLWK 3HQGUHG
V\QGURPH DQGRU HQODUJHPHQW RI WKH YHVWLEXODU DTXHGXFW D
WRWDO RI WZHQW\RQH GLIIHUHQW 6&/$ PXWDWLRQV ZHUH
GHWHFWHG E\ FRQWUDVW PXWDWLRQV FRXOG QRW EH GHWHFWHG LQ WKH
)2;, JHQH ,Q WKH 6/&$JHQH DPXWDWLRQ FRXOG QRW EH
GHWHFWHG LQ   RI WKH FDVHV :LWK D JHQRPHZLGH 613
DQDO\VLVRIWKHVHIDPLOLHVLWZDVSRVVLEOHWRLGHQWLI\SRWHQWLDO
QHZ JHQH ORFL UHVSRQVLEOH IRU WKH (QODUJHG 9HVWLEXODU
$TXHGXFW 6\QGURPH DQG 0RQGLQL G\VSODVLD &RQFOXVLRQV
7KHVH UHVXOWV VXJJHVWHG LQ FRQWUDVW WR WKH OLWHUDWXUH WKDW WKH
)2;,JHQH LV QRW WKHPDLQ IDFWRU LQYROYHG LQ3HQGUHG DQG
HQODUJHG YHVWLEXODU DTXHGXFW V\QGURPH 2XU UHVXOWV LQGLFDWH
HYLGHQFHV RI DQ DFFHVVRU\ JHQH IRU WKH HQODUJHG YHVWLEXODU
DTXHGXFWV\QGURPHDQGHVSHFLDOO\IRU0RQGLQLG\VSODVLD
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6SLQDO FRUG LQMXU\ 6&, RIWHQ LQGXFHV ORVV RI PRWRU DQGRU
VHQVRU\ IXQFWLRQ EHORZ WKH OHYHO RI LQMXU\ 7KH DGXOW VSLQDO
FRUG LV DEOH WR VSRQWDQHRXVO\ UHVSRQG WR 6&, DQG GR VR E\
DQDWRPLFDOO\ UHRUJDQL]LQJ D[RQDO FRQQHFWLRQV DQG JHQHUDWLQJ
QHZ SUHFXUVRU FHOOV 7UDQVSODQWDWLRQ RI VWHPSURJHQLWRU FHOOV
FRXOG HQKDQFH WKHVH HQGRJHQRXV UHSDLUV E\ JHQHUDWLQJ QHZ
QHXURQVDQGJOLDOFHOOV%HFDXVHRIWKHFRPSOH[FOLQLFDOQDWXUH
RI 6&, IXWXUH HIILFLHQW WUHDWPHQWV KDYH WR FRPELQH GLIIHUHQW
DSSURDFKHV RI WUHDWPHQWV LQFOXGLQJ  WLVVXH RU FHOO
WUDQVSODQWDWLRQ  SURYLGLQJ JURZWKVWLPXODWLQJ IDFWRUV
LQFOXGLQJQHXURWURSKLFIDFWRUVDQGEORFNLQJIDFWRUVZKLFK
LQKLELWQHXUDOUHJHQHUDWLRQ%RQHPDUURZVWHPFHOOV%06&V
DUH HDV\ WR LVRODWH DQG FRXOG EH DSSOLHG DV DXWRORJRXV
WUDQVSODQWDWLRQ 7KH\ DOVR KDYH WURSLVPV IRU VLWHV RI GLVHDVH
DQG FDQ V\QWKHVL]H QHXURWURSKLQHV DQG GLIIHUHQWLDWH LQWR









DQG GHDWK LQ WKH &16 $FFRUGLQJ WR RXU SUHYLRXV VWXGLHV
%06&VH[SUHVVERWK1*)DQG%'1)EHIRUHDQGDIWHUQHXUDO
GLIIHUHQWLDWLRQ ZKLOH QR GHWHFWDEOH H[SUHVVLRQ RI 7UN& DQG




LQFUHDVH WKHLU IXQFWLRQDO DFWLYLW\ DQG VXUYLYDO UDWH DIWHU
WUDQVSODQWDWLRQ 7R DFKLHYH WKLV JRDO 177UN& DQG S
VL51$ H[SUHVVLQJ ERQH PDUURZ VWHP FHOOV ZHUH SURGXFHG
7UDQVJHQHH[SUHVVLRQZDVFRQILUPHGDW51$OHYHO$SRSWRVLV
DQGFHOOF\FOHFKDQJHVRIWKHVHFHOOOLQHVZHUHHYDOXDWHGXVLQJ
IORZ F\WRPHWU\ DIWHU QHXUDO GLIIHUHQWLDWLRQ 077 DVVD\ ZDV
XVHG IRU DQDO\]LQJ YLDELOLW\ RI WKH FHOOV )LQDOO\
WUDQVSODQWDWLRQ RI WKH FHOOV LQWR 6&, UDW PRGHOV KLVWRORJLFDO
VWXGLHV EHKDYLRUDO WHVWLQJ DQG VWDWLVWLFDO DQDO\VLV ZDV
SHUIRUPHG )ORZ F\WRPHWU\ DQG 077 DVVD\ UHYHDOHG
GLPLQLVKHG DSRSWRVLV DQG LQFUHDVHG VXUYLYDO LQ WUDQVIHFWHG
%06&V7UDQVIHFWHG%06&VZHUHDEOHWRVXUYLYHDWWKHVLWHRI
LPSODQW DQG WKH\ FRXOG LPSURYH IXQFWLRQDO EHKDYLRU DIWHU
JUDIWLQJLQWROHVLRQVLWHRIVSLQDOFRUGLQMXUHGUDWV2XUUHVXOWV


















V GLVHDVH 3' LV WKH VHFRQG PRVW FRPPRQ DJH
UHODWHG QHXURGHJHQHUDWLYH GLVRUGHU FKDUDFWHUL]HG E\ WKH
SURJUHVVLYH ORVV RI VXEVWDQWLD QLJUD SDUV FRPSDFWD GRSDPLQH
QHXURQV DQG WKH FRQVHTXHQW GHFUHDVH LQ WKH QHXURWUDQVPLWWHU
GRSDPLQH7KHHWLRORJLFDOIDFWRUVLQYROYHGLQWKHGHYHORSPHQW
RI 3' UHPDLQV LQFRPSOHWHO\ XQGHUVWRRG EXW WKHUH LV
FRQVLGHUDEOH HYLGHQFH WKDW D FRPELQDWLRQ RI JHQHWLF
VXVFHSWLELOLWLHV DQGHQYLURQPHQWDO IDFWRUVSOD\VD FULWLFDO UROH
LQ GLVHDVH SDWKRJHQHVLV 7KH DLP RI WKH LQYHVWLJDWLRQ LV WR
VHDUFK WKH JHQHWLF IDFWRUV DQG QHXURSV\FKRORJLFDO
DEQRUPDOLWLHV LQ 3DUNLQVRQ
V GLVHDVH GHYHORSPHQW 'XULQJ
FOLQLFDO DQG JHQHWLF UHVHDUFK RI 3DUNLQVRQ
V GLVHDVH ZH
YH
H[DPLQHG  3' VDPSOHV DJHG  PHDQ  \HDUV DQG
 KHDOWK\ LQGLYLGXDOV DJHG  \HDUV PHDQ  \HDUV
IURP %DVKNRUWRVWDQ 5HSXEOLF RI 5XVVLD 3V\FKRORJLFDO
LQYHVWLJDWLRQRI3'ZDVFDUULHGRXW$OOSDWLHQWVH[KLELWHG
DW OHDVW WZRRI WKH IRXUSULQFLSDOVLJQVRI3' UHVWLQJ WUHPRU
ULJLGLW\ EUDG\NLQHVLD RU SRVWXUDOUHIOH[ LPSDLUPHQW
([FOXVLRQ FULWHULD LQFOXGHG SULRU KLVWRU\ RI PXOWLSOH





YDULDQWV RI PRQRDPLQH PHWDEROL]LQJ HQ]\PH JHQHV ZDV
SHUIRUPHGWDNLQJLQWRFRQVLGHUDWLRQHWKQLFRULJLQRIH[DPLQHG
LQGLYLGXDOV 5XVVLDQV 7DWDUV %DVKNLUV IRUP RI WKH GLVHDVH
VHYHULW\OHYHODQGDJHRIPDQLIHVWDWLRQDVZHOODVSUHVHQFHRU
DEVHQFH RI QHXURSV\FKRORJLFDO DEQRUPDOLWLHV 7KH IROORZLQJ
JHQHV ZHUH DQDO\]HG W\URVLQH K\GUR[\ODVH Ɍɇ 9175 LQ 
H[RQFDWHFKRO2PHWK\OWUDQVIHUDVH&2079DO0HWDQG
D GRSDPLQH UHFHSWRU'5' 9175 LQ  
875 
DUHDV 7KH
PRVW LPSRUWDQW UHVXOWV KDYH EHHQ UHFHLYHG LQ ɋɈɆɌ JHQH
DQDO\VLV &207 LV WKH SULQFLSDO HQ]\PH UHVSRQVLEOH IRU
PHWDEROLF GHDFWLYDWLRQ RI /GRSD ZKLFK LV QHFHVVDU\ WR
SURYLGHPRUHFRQWLQXRXVDQGVXVWDLQHGGHOLYHU\RIGRSDPLQH
/HYRGRSD /GRSD  D SURGUXJ RI GRSDPLQH  LV XVHG WR
HOHYDWH VWULDWDO OHYHOVRI WKHQHXURWUDQVPLWWHU DQG UHPDLQV WKH
JROGVWDQGDUGGUXJIRUWUHDWPHQWRIWKHV\PSWRPVRI3'7KH
DQDO\VLV RI &207 JHQH JDYH WKH HYLGHQFH FRQFHUQLQJ WKH
LQIOXHQFH RI 9DO0HW SRO\PRUSKLVP RQ 3' GHYHORSPHQW
JHQRW\SH ++ DQG DOOHOH + GHWHUPLQLQJ V\QWKHVLV RI WKH
HQ]\PH ZLWK KLJK DFWLYLW\ PD\ EH FRQVLGHUHG DV JHQHWLF
PDUNHUV RI WKH LQFUHDVHG ULVN FRQWULEXWLQJ WR GHYHORSPHQW RI
3' LQ %DVKNRUWRVWDQ 5HSXEOLF DV D ZKROH DQG WR WKH PRVW
VHYHUH3'IRUPLQSDUWLFXODU*HQRW\SH++DQGDOOHOH+
ZHUH DOVR ULVN PDUNHUV IRU WKH GHYHORSPHQW RI VXFK
QHXURSV\FKRORJLFDO DEQRUPDOLWLHV DV SHUVRQDO DQ[LHW\
GHSUHVVLRQ GHPHQWLD ZKHUHDV WKH JHQRW\SH /+ GHILQLQJ
DYHUDJH DFWLYLW\RIɋɈɆɌPDGHSURWHFWLYH LPSDFW UHGXFLQJ
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ULVN RI 3' GHYHORSPHQW HVSHFLDOO\ XQWLO  \HDUV 7KH
FRPSDUDWLYH DQDO\VLV RI WKH LQYHVWLJDWHG SRO\PRUSKLF ORFL RI
7+DQG'5'JHQHVKDVQRW UHYHDOHG VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ3'VDPSOHVDQGFRQWUROV7KHREVHUYHGDVVRFLDWLRQRI
&207 JHQRW\SHV DQG DOOHOHV ZLWK 3' VXVFHSWLELOLW\ DQG LWV
UROH LQ PRGXODWLQJ GLVHDVH PDQLIHVWDWLRQ UHLWHUDWHV WKH
LPSRUWDQFH RI GRSDPLQH SDWKZD\ LQ VSRUDGLF 3' HWLRORJ\ LQ
















(SLOHSV\ LV RQH RI WKH PRVW FRPPRQ QHXURORJLFDO GLVRUGHUV
ZLWKSUHYDOHQFHRIDQGDSSUR[LPDWHO\RIDOOHSLOHSV\
FDVHV DUH FODVVLILHG DV LGLRSDWKLF JHQHUDOL]HG HSLOHSV\ ,*(
*HQHUDOL]HG VHL]XUHV DUH FOLQLFDOO\ FKDUDFWHUL]HG E\ DEVHQFH
WRQLF FORQLF DQG P\RFORQLF E\ RQHVHOI RU LQ GLIIHUHQW
FRPELQDWLRQV2Q WKH EDVLV RI VHL]XUH W\SH DQG DJH RI RQVHW
WKH LQWHUQDWLRQDO FODVVLILFDWLRQ ,/$( LGHQWLILHV IRXU PDLQ
VXEV\QGURPHV FKLOGKRRG DEVHQFH HSLOHSV\ &$( MXYHQLOH




KXPDQ DUH SUHVHQWO\ XQNQRZQ DV D UHVXOW RI FRPSOH[
LQKHULWDQFHPRGHO0DQ\RIWKHJHQHVWKDWLQYROYHLQ,*(FRGH
IRU LRQ FKDQQHOV EXW V\QGURPHVZLWK HSLOHSV\PDLQO\ FDXVHG
E\ JHQHV WKDW DUH UHODWHG WR FRUWLFDO GHYHORSPHQW
PLWRFKRQGULDO IXQFWLRQDQGFHOOPHWDEROLVP1HZO\ LGHQWLILHG
HDFKʊHSLOHSV\ JHQH” SURYLGHV D EHWWHU XQGHUVWDQGLQJ RI WKH
PROHFXODU EDVLV RI EUDLQ IXQFWLRQ ,Q XQFRPPRQ FDVHV ZLWK
0HQGHOLDQ LQKHULWDQFHRI ,*( LWKDV UHFHQWO\EHHQFRQQHFWHG
ZLWKJOXFRVH WUDQVSRUWHU W\SH */87GHILFLHQF\*/87
LV UHVSRQVLEOH IRU JOXFRVH HQWU\ LQWR EUDLQ DFURVV WKH EORRG
EUDLQ EDUULHU DQG LWV GHIHFW OHDGV WR LQVXIILFLHQW OHYHO RI
FHUHEUDO JOXFRVH */87 LV HQFRGHG E\ WKH VROXWH FDUULHU
IDPLO\PHPEHU6/&$JHQH*HQHUDOL]HGHSLOHSWLIRUP
DFWLYLW\ FDQ EH VHHQ LQ WKH FDVHV ZLWK */87 GHILFLHQF\
V\QGURPHLVGXH WRKHWHUR]\JRXVPXWDWLRQV LQ6/&$JHQH
,QWKLVVWXG\ZHZLOOSUHVHQWWKHGDWDREWDLQHGE\VFUHHQLQJ
,*( SDWLHQWV ZLWK DEVHQFH VHL]XUHV IRU 6/&$ JHQH













+HUHGLWDU\ KHDULQJ ORVV LV D YHU\ FRPPRQ ELUWK GHIHFW
DIIHFWLQJ RQH LQ a LQIDQWV ZKLFK LV FKDUDFWHUL]HG E\




ZLWKLQ WKLV JHQH 7KHUH DUH VRPH FRPPRQ PXWDWLRQV
ZRUOGZLGH DIIHFWLQJ QRUPDO KHDULQJ KRZHYHU WKHUH DUH IHZ
PXWDWLRQV WKDW UHPDLQ FRQWURYHUVLDO LQ SURYLQJ WKHLU UROH LQ
SRSXODWLRQ ZLVH SDWKRJHQHVLV 9DO,OH F *!$
VXEVWLWXWLRQ RFFXUV LQ D WUDQVPHPEUDQH GRPDLQ RI &RQQH[LQ
 WKDW KDV EHHQ LQ VRPH FDVHV LPSOLFDWHG DV SDWKRJHQLF
PXWDWLRQ ZKHUHDV LQ VRPH RWKHU FDVHV UHSRUWHG DV EHQLJQ
SRO\PRUSKLVP +HUH ZH UHSRUW DQ H[WHQVLYH DQDO\VLV
FRPELQLQJ SRSXODWLRQ DQG FRPSXWDWLRQDO VWXG\ WKDW JLYHV
SRVVLEOH LQGLFDWLRQ DERXW WKH UROH RI WKLV FRQWURYHUVLDO
PXWDWLRQ7KLVVWXG\LQYROYHVSRSXODWLRQDQGJHQHWLFDQDO\VLV
RI H[LVWHQFH RI WKLVPXWDWLRQ LQ QRUPDO LQGLYLGXDOV IURP
6RXWK,QGLDZKLFKUHYHDOHGWKHIUHTXHQF\RIWKLVPXWDWLRQLQ
QRUPDOSRSXODWLRQ)XUWKHUZHH[WHQGHGWKHVWXG\E\XWLOL]LQJ
WKH FRPSXWDWLRQDO DSSURDFKHV WR PRGHO WKLV PXWDWLRQ ZLWK
DYDLODEOH FU\VWDO VWUXFWXUH RI *-% SURWHLQ :H KDYH DOVR
PRGHOHG RWKHUPXWDWLRQV ZLWK WKH 9DO,OH WR HOXFLGDWH WKH
UROHLQDFRPSRXQGKHWHUR]\JRXVIRUP7KLVVWXG\ZRXOGKHOS
LQ XQGHUVWDQGLQJ WKH UROH RI WKLV GLYLVLYH PXWDWLRQ LQ















JHQHWLF ORFL KDYH EHHQ LGHQWLILHG \HW DQG WKLV QXPEHUV DUH
LQFUHDVLQJ 0XWDWLRQ LQ *-% JHQH LV WKH PRVW FRPPRQ





&, LV RQH RI WKH KHDULQJ UHKDELOLWDWLRQ LQ SDWLHQWV ZLWK





WUHDWPHQW RI LQFOXGHG FKLOGUHQ"  'XULQJ SUHVHQW VWXG\
FRQQH[LQJHQHDQDO\VHVZDVSHUIRUPHGRQFKLOGUHQZLWK
QRQV\QGURPLFKHDULQJORVVZKRZHUHUHIHUUHGWR%DTL\DWDOODK
KRVSLWDO IRU &, $OO SUREDQGV KDG SUHOLQJXDO GHDIQHVV HDUO\
RQVHW *HQRPLF '1$ ZDV H[WUDFWHG IURP SHULSKHUDO EORRG
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DQG WKH FRGLQJ VHTXHQFH RI WKH &RQQH[LQ JHQH ZDV 3&5
DPSOLILHG DQG VHTXHQFHG XVLQJ VWDQGDUG PHWKRGV  ,Q WKH
SUHVHQWVWXG\ZHDQDO\]HGWKHFRGLQJUHJLRQRIWKHFRQQH[LQ





KRPR]\JRWH PXWDWLRQ ZDV EHWWHU WKDQ KHWHUR]\JRWH SDWLHQWV
'HDIQHVV LQ RXU SDWLHQWV KDG DQ DXWRVRPDO UHFHVVLYH
LQKHULWDQFHSDWWHUQDQGDFFRUGLQJ WRWKLVSDWWHUQZHPXVWVHH
RQO\ KRPR]\JRWH PXWDWLRQV LQ SDWLHQWV EXW LQ IRXU SDWLHQWV
PXWDWLRQVZHUHKHWHUR]\JRWH7KHUHDUHVRPHH[SODQDWLRQVIRU
WKLV SKHQRPHQRQ ')1% ORFXV KDV WZR JHQHV &[ DQG
&[DQGGHDIQHVVPLJKWLQKHULWE\JHQHWLFGHIHFWVLQHDFKRI
WKHVH JHQHV 6RPH VWXGLHV RQ GHDI FKLOGUHQ UHSRUWV EHWWHU
VSHHFK SHUIRUPDQFH DIWHU FRFKOHDU LPSODQWDWLRQ LQ SHUVRQV
ZLWK*-%UHODWHGGHDIQHVV5HVXOWVRIRXUVWXG\VKRZHGWKDW
FRFKOHDU LPSODQWDWLRQPXVW EH FRQVLGHUHG VXLWDEOH FKRLFH IRU
WUHDWPHQW RI FKLOGUHQ ZLWK *-%UHODWHG GHDIQHVV 0XWDWLRQ
VFUHHQLQJIRUILQGLQJGHDIQHVVFDXVLQJPXWDWLRQVLQ*-%JHQH
LV D XVHIXO SUHGLFWRU RI SRVWLPSODQWDWLRQ VSHHFK SHUFHSWLRQ




















:H UHSRUW RQ D SDWLHQW IURP ,QGRQHVLDZLWK WHUPLQDO JDLQ RI
SSUHFRJQL]HGE\N613DUUD\SUHVHQWLQJZLWK
PXOWLSOH FRQJHQLWDO DQRPDOLHV 0&$ DQG GHYHORSPHQWDO
GHOD\ '''LVWLQFW IDFLDO DQRPDOLHV LQFOXGHGPLFURFHSKDO\
DV\PPHWULFIDFHKLJKIRUHKHDGH[FHVVRIVFDOSZKRUOVSDUVH
H\HEURZV WHOHFDQWKXV VWUDELVPXV XSVODQWLQJ SDOSHEUDO
ILVVXUHV SURPLQHQW DQG ORZVHW HDU VKRUW QRVH KLJKDUFKHG
SDODWH DQG ZLGHVSDFHG WHHWK $Q HSLOHSWLF VHL]XUH ZDV
UHSRUWHGDQGFRQILUPHGE\DQDEQRUPDO((*SDWWHUQ$UWHULDO
6HSWDO 'HIHFW W\SH ,, ZDV IRXQG DQG FRQILUPHG E\ 'RSSOHU
H[DPLQDWLRQ&OLQLFDOIHDWXUHVZLOOEHFRPSDUHGDQGGLVFXVVHG
ZLWK UHSRUWHG FDVHV &KURPRVRPH DQDO\VLV VKRZHG D QRUPDO
;;NDU\RW\SH613DUUD\GHPRQVWUDWHGD WHUPLQDOJDLQRI
0ELQSS613VPRUHWKDQJHQHV
7HUPLQDO ORVV RI SWHU ZDV DOVR GHWHFWHG DOWKRXJK QRW
VWDWLVWLFDOO\ VLJQLILFDQW ,Q FRQFOXVLRQ ZH UHSRUWHG D SDWLHQW
ZLWK GLVWLQFW IDFLDO DQRPDOLHV ZLWK QHXURORJLFDO DQG FDUGLDF
DQRPDOLHV $ FKURPRVRPDO LPEDODQFH LQ WKLV FDVH ZDV
GHWHFWHGE\613DUUD\RQO\LQGLFDWLQJWKDWFDVHVRI0&$DQG














7KH VWXG\ RI QHUYRXV V\VWHP GLVRUGHUV DPRQJ $UDEV KDV
XVXDOO\DORZSURILOHEHFDXVHRIWKHLQFUHDVHGUHVHDUFKLQWHUHVW
LQ ZLGHVSUHDG DLOPHQWV LQFOXGLQJ FDUGLRYDVFXODU GLVRUGHUV
FDQFHUV DQG FRQJHQLWDO PDOIRUPDWLRQV  %HVLGHV QHUYRXV
V\VWHPGLVRUGHUVGRQRWXVXDOO\DSSHDUDPRQJWKHPDLQFDXVHV
RI PRUWDOLW\ LQ WKH UHJLRQ EHFDXVH WKH\ WHQG WR EH PRUH RI
FKURQLFDQGGLVDEOLQJQDWXUHV ,QRUGHUWRUDLVHWKHSURILOHRI
QHUYRXV V\VWHP GLVRUGHUV ZH TXHULHG WKH &DWDORJXH RI
7UDQVPLVVLRQ *HQHWLFV LQ $UDEV &7*$ 'DWDEDVH XVLQJ LWV
3RZHU 6HDUFKPRGH DQG IRXQG RXW UHFRUGV IRU  LQKHULWHG
GLVRUGHUVRIWKHQHUYRXVV\VWHPLQ$UDESRSXODWLRQVLQFOXGLQJ
 LQKHULWHG LQ DQ DXWRVRPDO UHFHVVLYH PRGH  $PRQJ $UDE
FRXQWULHVZKHUHWKH&HQWUHIRU$UDE*HQRPLF6WXGLHV&$*6
FRPSOHWHG LWV VXUYH\2PDQ OHDGVZLWKRI WKHVHGLVRUGHUV
,QFRXQWULHVZKHUH&$*6VXUYH\VDUHRQJRLQJ7XQLVLD OHDGV
ZLWK  GLVRUGHUV  ,QWHUHVWLQJO\ DPRQJ WKHVH WZR FRXQWULHV
RQO\RQHFRPPRQQHUYRXVV\VWHPGLVRUGHURFFXUVDQGDOO WKH





VSDVWLF SDUDSOHJLD DVVRFLDWHG ZLWK WKLQ FRUSXV FDOORVXP DQG
VHYHUDOUDUHIRUPVRIDWD[LD ,QDGGLWLRQPDQ\QHZQHXURQDO
GLVRUGHUVKDYHEHHQLGHQWLILHGLQ$UDEIDPLOLHVVXFKDVVSDVWLF
FHUHEUDO SDOV\ ZLWK PLFURFHSKDO\ DQG PHQWDO UHWDUGDWLRQ D
QHZ DXWRVRPDO UHFHVVLYH GLVRUGHU RI OHXNRG\VWURSK\ D GLVWDO





WKHLU XQGHUO\LQJ JHQHWLFPXWDWLRQ LGHQWLILHG LQ$UDE SDWLHQWV
,QPRVWFDVHVVXFKVWXGLHVKDYHPDGHXVHRISDWLHQWVIURPWKH
0DJKUHE FRXQWULHV 7XQLVLD $OJHULD DQG 0RURFFR RU
/HEDQRQ 6XFK OLQNDJHDQG ILQHPDSSLQJVWXGLHV LQFOXGH WKH
OLQNDJH RI DWD[LD ZLWK VHOHFWLYH YLWDPLQ ( GHILFLHQF\
'XFKHQQHOLNH PXVFXODU G\VWURSK\ OLPE JLUGOH PXVFXODU
G\VWURSK\ W\SHV % DQG , JLDQW D[RQDO QHXURSDWK\ DQG
FRQJHQLWDO PXVFXODU G\VWURSK\ $  ,Q PDQ\ LQVWDQFHV
QHUYRXV V\VWHP GLVRUGHUV ZLWK DSSDUHQWO\ FRPPRQ FOLQLFDO
IHDWXUHV WHQG WRUHYHDOGLIIHUHQWJHQHWLFSDWKRORJLHV UHIOHFWLQJ
WKHFRPSOH[LWLHVRI WKHSURFHVVHVJRYHUQLQJ WKLV V\VWHPHJ
VSDVWLF SDUDSOHJLDV 63* 63* 63* 63* DQG


















0RZDW:LOVRQ V\QGURPH 0:6 LV D UHFHQWO\ GHOLQHDWHG
PHQWDO UHWDUGDWLRQ V\QGURPHXVXDOO\DVVRFLDWHGZLWKPXOWLSOH
KHDOWK GHIHFWV DQG FKDUDFWHUL]HG E\ W\SLFDO IDFLDO JHVWDOW
$SSUR[LPDWHO\  FDVHV KDYH EHHQ UHSRUWHG ZRUOGZLGH
SUHGRPLQDQWO\ LQ (XURSH DQG1RUWK$PHULFD 7KH V\QGURPH
RFFXUVDVDUHVXOWRIKHWHUR]\JRXVPXWDWLRQVRUGHOHWLRQVLQWKH
]LQF ILQJHU (ER[ELQGLQJ KRPHRER[  JHQH =(%
SUHYLRXVO\FDOOHG=)+;%6,3ORFDWHGRQWKHORQJDUPRI





DQDO\VLVZDV SHUIRUPHG E\ N ,6&$ GHVLJQ ROLJRQXFOHRWLGH
SODWIRUP7KHSDWLHQWZDVIRXQGWRKDYHDGHQRYRGHOHWLRQRI
aNE DW T 7KH URXWLQH FKURPRVRPH DQDO\VLV ZDV
QRUPDO7KHD&*+LVDUHODWLYHO\QHZWHFKQRORJ\ZKLFKKDV
UHYROXWLRQL]HG WKH ILHOG RI FOLQLFDO JHQHWLF GLDJQRVWLFV 7KH
D&*+ FDQ GHWHFW XQEDODQFHG FKURPRVRPDO DEHUUDWLRQV
LQFOXGLQJ PLFURGHOHWLRQ PLFURGXSOLFDWLRQ DQHXSORLG\
XQEDODQFHG WUDQVORFDWLRQV DQG VXEWHORPHULF DQG
SHULFHQWURPHULF FRS\ QXPEHU DOWHUDWLRQV WKURXJKRXW WKH
JHQRPH8QOLNH FRQYHQWLRQDO F\WRJHQHWLFV D&*+ FDQ GHWHFW
GHOHWLRQV DQG GXSOLFDWLRQV VPDOOHU WKDQ  PHJDEDVHV DQG LQ
FRQWUDVWWRVLQJOHFRORU),6+FDQVFDQIRUPXOWLSOHDEHUUDWLRQV
VLPXOWDQHRXVO\7KLVFDVHHPSKDVL]HVWKHYDOXHRIDUUD\&*+






















1HXURJHQLFPXVFOHZHDNQHVV DWD[LD DQG UHWLQLWLV SLJPHQWRVD
1$53 DQG PDWHUQDOO\ LQKHULWHG /HLJK
V V\QGURPH 0,/6
DUH JHQHWLFDOO\ KHWHURJHQHRXV QHXURGHJHQHUDWLYH GLVRUGHUV
WKDW SUHGRPLQDQWO\ DIIHFW FKLOGUHQ DQG OHDG WR GHDWK ZLWKLQ
PRQWKV RU \HDUV &OLQLFDO IHDWXUHV RI 1$53 PD\ LQFOXGH
SHULSKHUDOQHXURSDWK\UHWLQLWLVSLJPHQWRVDFHUHEHOODUDWURSK\
DQG OHVV IUHTXHQWO\ HSLOHSWLF VHL]XUHV DQG GHDIQHVV 0,/6 LV
GUDPDWLFDOO\FKDUDFWHUL]HGE\ELODWHUDOVXEDFXWH OHVLRQVRI WKH
EDVDO JDQJOLD 7KH PLWRFKRQGULDO R[LGDWLYH SKRVSKRU\ODWLRQ
V\VWHPWKHVRXUFHRI$73SURGXFWLRQLQPRVWWLVVXHVFRQVLVWV






HQFRGHG E\ QXFOHDU JHQHV 6HYHUDO SRLQW PXWDWLRQV LQ WKH
PLWRFKRQGULDO $73DVH  JHQH 7*& 7& ZHUH
DVVRFLDWHG ZLWK WKHVH V\QGURPHV  7KLV VWXG\ DLPV DW WKH
FRQWULEXWLRQ WR WKH HVWDEOLVKPHQW RI D UDWLRQDO PROHFXODU
DSSURDFKWRWKHVHV\QGURPHV$OVRWRREWDLQLQVLJKWVLQWRWKH
PROHFXODU SDWKRJHQHVLV RI WKHVH GLVRUGHUV DPRQJ ILYH
(J\SWLDQ SHGLDWULF SDWLHQWV SUHVHQWHG WR WKH &DLUR8QLYHUVLW\
3HGLDWULF +RVSLWDO ZLWK WKH FOLQLFDO VXVSLFLRQ RI WKHVH
PLWRFKRQGULDO V\QGURPHV 0HWKRGV &OLQLFDO H[DPLQDWLRQ
3HGLJUHH DQDO\VLV EDVLF ODERUDWRU\ DQG UDGLRORJLFDO
H[DPLQDWLRQV RI ILYH SUREDQGV KDG EHHQ UHSRUWHG 7RWDO
QXFOHDU DQG PLWRFKRQGULDO '1$ ZHUH H[WUDFWHG IURP WKH
SHULSKHUDO EORRG OHXNRF\WHV RI WKH SUREDQGV DQG DSSDUHQWO\
KHDOWK\ DJH DQG VH[ PDWFKHG FRQWUROV $73DVH  JHQH ZDV
DPSOLILHGDQGGLUHFWO\VHTXHQFHG6HTXHQFLQJDQDO\VLVUHVXOWV
ZHUH FRPSDUHG ZLWK WKH UHYLVHG &DPEULGJH 5HIHUHQFH
6HTXHQFH U&56$OO VHTXHQFHYDULDQWVZHUH FRPSDUHGZLWK
WKH 0,720$3 GDWDEDVH DQG WKH +XPDQ 0LWRFKRQGULDO
*HQRPH'DWDEDVH 6HTXHQFLQJ DQDO\VLV RI WKHPLWRFKRQGULDO
$73DVH  JHQH UHYHDOHG GLVWLQFW VHWV RI EHQLJQ
SRO\PRUSKLVPV 7HVWLQJ IRU WKH PRVW FRPPRQ SDWKRJHQLF
SRLQWPXWDWLRQV FRXOG EH XVHG DV LQLWLDO QRQ LQYDVLYH VLPSOH
VFUHHQLQJ WHVW IRU WKH PLWRFKRQGULDO V\QGURPHV KRZHYHU
QHJDWLYHUHVXOWVGRHVQRWH[FOXGHWKHGLVHDVH,QYROYHPHQWRI
QXFOHDU DQG RWKHU PLWRFKRQGULDO JHQHV UDWKHU WKDQ
PLWRFKRQGULDO $73DVH  JHQH VKRXOG EH FRQVLGHUHG LQ WKH
PROHFXODU SDWKRJHQHVLV RI WKH 1$530,/6 V\QGURPHV
7DUJHWHGPROHFXODUGLDJQRVLVEDVHGRQ WKHKLVWRFKHPLFDODQG
WKHELRFKHPLFDODQDO\VLVRIWKHPLWRFKRQGULDOUHVSLUDWRU\FKDLQ

















(SLOHSV\ LV D PXOWLIDFWRULDO GLVRUGHU ZKLFK HIIHFWV   RI
SHRSOHZRUOGZLGH 0HVLDO WHPSRUDO OREHHSLOHSV\07/( LV
WKH PRVW FRPPRQ IRUP RI V\SWRPDWLF HSLOHSVLHV ZLWK
SKDUPDFRORJLFDOO\WHQDFLRXVSDUWLDORQVHWVHL]XUHV,Q07/(LW
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LV WKRXJKW WKDW YDULRXV JHQHV DQG VLJQDOLQJ SDWKZD\V WDNH
SODFH GXH WR SUHVHQFH RI FRPSOH[ FKDQJHV LQ KLSSRFDPSXV
GXULQJWKHSDWKRJHQHVLVRIGLVHDVH7KHLQIODPPDWLRQSHULRGLQ
WKLVSDWKRJHQHVLVKDVEHHQH[KLELWHGE\ WKHVWXGLHVRIDQLPDO
PRGHOV ,Q WKLV VWXG\ZH XVHGKLSSRFDPSXVPDWHULDOVZKLFK
DUH REWDLQHG IURP SRVW DP\JGDORKLSSRFDPSHFWRP\ SHULRG
DIWHUPHGLFDO LQGLFDWLRQRIZRPHQDQGPHQSDWLHQWVZKR
DUHGLDJQRVHGZLWKPHVLDOWHPSRUDOOREHHSLOHSV\DQGUHVLVWDQW
WR DQWLHSLOHSWLF WUHDWPHQW DSSOLHG LQ FRQYHQLHQW WLPH DQG
FRPELQDWLRQV51$VDPSOHV LVRODWHGIURPWKHVHWLVVXHVZHUH
XVHGIRUWKHV\QWKHVLVRIF'1$VE\UHYHUVHWUDQVFULSWDVH3&5
PHWKRG LQ RUGHU WR TXDQWLI\ WKH LQIODPPDWLRQUHODWHG JHQH
H[SUHVVLRQVE\UHDOWLPH3&5$VFRQWUROWLVVXHKLSSRFDPSXV
PDWHULDOZHUHWDNHQGXULQJDXWRSV\IURPGLIIHUHQWFDGDYHURI
ZKLFK WKH UHDVRQRI GHDWK H[FOXGLQJ QHXURORJLFDO UHDVRQV ,Q
WKH QRUPDOL]DWLRQ RI UHVXOWV DEO DQG F\FORSKLOLQ JHQHV ZHUH
XVHG5HODWLYH H[SUHVVLRQ YDOXHVZHUH FDOFXODWHGZLWK GHOWD&W
PHWKRG5HVXOWVZHUHFRPSDUHGVWDWLVWLFDOO\E\XVLQJ0DQQ
ZKLWQH\8 WHVW ,Q WKH DQDO\VLV RI WKH H[SUHVVLRQ OHYHOV RI
,/ ,/ ,/ LWKDVEHHQGHSLFWHG WKDW WKHVHJHQHVGRQRW
VKRZ DQ\ VLJQLILFDQW GLIIHUHQFHV LQ WKHPDWHULDOV RI HSLOHSWLF
YHUVXVDXWRSV\WLVVXHV3 3 3 2QWKHRWKHU
KDQG LW LV GHWHUPLQHG WKDW WKH H[SUHVVLRQ RI ,/ȕ 71)Į
,)1Ȗ DQG 7*)ȕ LQ SDWLHQWV LQGLFDWH VLJQLILFDQW LQFUHDVH
DFFRUGLQJ WR KHDOWK\ FRQWUROV 3  3  3 
3 ,QDGGLWLRQWRWKHVHWKHUHZDVQRH[SUHVVLRQRI,/
Į ,/ DQG ,/ GHWHFWHG QHLWKHU LQ SDWLHQWV QRU LQ KHDOWK\
LQGLYLGXDOV5HVXOWVLQWKLVVWXG\VKRZWKDWDQLQFUHDVHGOHYHO


















EHKDYLRUDO RU SV\FKRORJLFDO SDWWHUQ DVVRFLDWHGZLWK GLVDELOLW\
WKDW RFFXUV LQ DQ LQGLYLGXDO DQG LV QRW D SDUW RI QRUPDO
GHYHORSPHQW RU FXOWXUH 0HQWDO GLVRUGHUV DUH JHQHUDOO\
FODVVLILHG LQWR QHXURORJLFDO GLVRUGHUV DQG OHDUQLQJ GLVDELOLWLHV
RU PHQWDO UHWDUGDWLRQ ,QFLGHQFH RI PHQWDO GLVRUGHUV LV
UHODWLYHO\ KLJK LQ 3DNLVWDQ EHFDXVH RI KLJK FRQVDQJXLQLW\
+DOOHUYRUGHQ6SDW] V\QGURPH +66 DOVR FDOOHG QHXUR
GHJHQHUDWLRQ ZLWK EUDLQ LURQ DFFXPXODWLRQ 1%,$
HQFRPSDVVHVDJURXSRISURJUHVVLYHH[WUDS\UDPLGDOGLVRUGHUV
FKDUDFWHUL]HGE\LURQDFFXPXODWLRQLQWKHEUDLQ,QWKHSUHVHQW
VWXG\ ZH LGHQWLILHG ILYH ODUJH FRQVDQJXLQHRXV 3DNLVWDQL
IDPLOLHVZLWK DXWRVRPDO UHFHVVLYHPHQWDO UHWDUGDWLRQ DQGRQH
ZLWKDXWRVRPDOUHFHVVLYH+DOOHUYRUGHQ6SDW]V\QGURPH+66
KDYLQJPXOWLSOH DIIHFWHG ELUWKV 3XUSRVH RI WKH VWXG\ ZDV WR
LPSURYH WKH XQGHUVWDQGLQJ RQ SURWHFWLYH PHDVXUHPHQWV IRU
PHQWDO GLVRUGHUV 1XFOHLF DFLG '1$ ZDV H[WUDFWHG DQG
VXEMHFWHGWR6766LQJOHWDJJHGVHTXHQFHPDUNHUDQDO\VHVIRU
PDSSLQJ RI KRPR]\JRVLW\ LQ NQRZQ JHQHV DQG NQRZQ ORFL
UHJLRQVXVLQJDIOXRUHVFHQFHWKUHHSULPHUPHWKRG$OOIDPLOLHV
ZHUHH[FOXGHGIRUDOONQRZQJHQHVDQGORFLUHJLRQV)RU+66
IDPLO\ FRQVLVWV RI WKUHH ORRSV GHWDLOHGFOLQLFDO H[DPLQDWLRQ
LQFOXGLQJ EUDLQ 05, ZDV PDGH IRU WZR DIIHFWHG IURP WZR
ORRSV %RWK DIIHFWHG LQGLYLGXDOV VKRZHG SKHQRW\SH RI +66
)XUWKHU LWV WKUHH ORRSV ZHUH VXEMHFWHG WR WKH *HQRPH ZLGH
VFDQQLQJ XVLQJ 613 DUUD\ IRU GHWHFWLRQ RI KRPR]\JRXV
UHJLRQV1RVKDUHGKRPR]\JRXVUHJLRQZDVIRXQGIRUDOOWKUHH
ORRSV DQG HYHQ IRU DQ\ WZR ORRSV ZKLOH ILYH KRPR]\JRXV
UHJLRQV ZHUH IRXQG IRU D VLQJOH FHQWUDO ORRS %\ FKHFNLQJ
JHQRW\SHV IRU WKHVH WKUHH ORRSV QR PDWFK ZDV IRXQG IRU
FRPSRXQG KHWHUR]\JRVLW\ 3$1. JHQHZDV VHTXHQFHG DV D
FDQGLGDWHIRUWKLVIDPLO\EXWQRPXWDWLRQZDVIRXQG$OOWKHVH
DQDO\VHV PDGH WKH PROHFXODU JHQHWLFV RI 05 YHU\
FRPSOLFDWHGDQGVXJJHVWVHYHUDOSRVVLEOHPROHFXODUHWLRORJLHV
LW FRXOG EH FRPSRXQG KHWHUR]\JRXV KDYH WKUHH GLIIHUHQW
PXWDWLRQV RU EH GLJHQLF 7KLV FRPSOH[LW\ RI +66 QHHGV




















DIIHFWV  RI WKH SRSXODWLRQ ,W DFFRXQWV IRU 
KHPRUUKDJLFVWURNHVDQQXDOO\LQWKHPLGOLIHPHGLDQDJH
RIWHQ UHVXOWLQJ LQ GHDWK RU VHYHUH QHXURORJLFDO LPSDLUPHQW
$QHXU\VPDO6$+SDWLHQWVKDYHDPRUWDOLW\UDWHDVKLJKDV
WR  7KH HWLRORJ\ RI LGLRSDWKLF LQWUDFUDQLDO DQHXU\VPV LV
\HW WR EH HVWDEOLVKHG DQG UHPDLQV FRQWURYHUVLDO 6$+ IURP
DQHXU\VPDOUXSWXUHVXSSRUWVJHQHWLFFDXVHHLWKHUGLUHFWO\RULQ
FRQMXQFWLRQ ZLWK SUHGLVSRVLQJ HQYLURQPHQWDO IDFWRUV OLNH
K\SHUWHQVLRQ 7HQVLOH VWUHQJWK RI DUWHULHV LV SURYLGHG E\
DUWHULDOFROODJHQDQG9HUVLFDQJHQHSURGXFWWKDWSOD\VDFULWLFDO
UROH LQ (&0 UHPRGHOLQJ 7KH FROODJHQ DOSKD , JHQH
&2/$ LV ORFDWHG RQ FKURPRVRPH T DQG 9HUVLFDQ
&63* LV ORFDWHG RQ FKURPRVRPH T DUH SRVLWLRQDO DQG
IXQFWLRQDO FDQGLGDWH JHQH IRU LQWUDFUDQLDO DQHXU\VP 8VLQJ
FDVHFRQWURO VWXG\ GHVLJQ VL[ 613V RI &2/$ UV
UVUVUVUVUVDQGWZR
613VRI&63*JHQHUVDQGUVZHUHDQDO\]HG
IRU DVVRFLDWLRQ RI SRO\PRUSKLVPZLWK LQWUDFUDQLDO DQHXU\VPV
LQ VRXWK ,QGLDQ SRSXODWLRQ 6WXG\ SRSXODWLRQ FRQWDLQHG 
FDVHV DQG FRQWUROV*HQRW\SLQJZDVGRQHE\3&55)/3
DQG ZDV FRQILUPHG E\ VHTXHQFLQJ $OOHOH JHQRW\SH DQG
KDSORW\SH IUHTXHQF\ ZHUH FRPSXWHG DPRQJ WKH FRKRUWV $OO
WKH 613V JHQRW\SHG LQ FRQWUROV ZHUH ZLWKLQ WKH +DUG\
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:HLQEHUJ HTXLOLEULXP 6LJQLILFDQW DVVRFLDWLRQ ZDV REVHUYHG
ZLWK UV IRU ERWK JHQRW\SH S   DQG DOOHOLF
S FRPELQDWLRQV&&JHQRW\SHZDVIRXQGWRKDYHD
SURWHFWLYH HIIHFW 7KH 613 LQ &2/$ JHQH UV ZDV
IRXQG WR EH VLJQLILFDQWO\ DVVRFLDWHG ZLWK JHQRW\SH ULVN S 
+DSORW\SHVLQYROYLQJ&DOOHOHRIUVZHUHVHHQ
WREHVLJQLILFDQWO\DVVRFLDWHGLQSDWLHQWSRSXODWLRQLQWZRORFL
S   DQG WKUHH ORFL S   FRPELQDWLRQ
/LQNDJH'LVHTXLOLEULXPSDWWHUQZDV IRXQG WREH VLJQLILFDQWO\
GLIIHUHQW LQ FDVHV DQG FRQWURO 7KH 613 UV ORFDWHG LQ
H[RQZKLFKZDV IXQFWLRQDOO\ VLJQLILFDQW DQG DVVRFLDWHG LQ
-DSDQHVH SRSXODWLRQ IRXQG QR DVVRFLDWLRQ ZLWK LQWUDFUDQLDO
DQHXU\VP LQ RXU SRSXODWLRQ2XU VWXG\ LQGLFDWHV&63* DQG

















VHL]XUHV GXH WR QHXURQDO K\SHUDFWLYLW\ LQ EUDLQ ZLWK DQ
LQFLGHQFHRI7HPSRUDO OREHHSLOHSV\7/( LVRQHRI WKH
PRVW IUHTXHQW W\SHV RI LQWUDFWDEOH HSLOHSV\ DQG LW FRPSULVHV
 RI DOO SDUWLDO HSLOHSVLHV 0HVLDO WHPSRUDO OREH HSLOHSV\
ZLWK KLSSRFDPSDO VFOHURVLV 07/(+6 RQH RI WKH PRVW
FRPPRQW\SHVRI7/(LVFKDUDFWHUL]HGE\VHL]XUHJHQHUDWLRQ
IURPWKHPHVLDOWHPSRUDO OREH$OWKRXJKWKHHWLRSDWKRJHQHVLV
LV XQNQRZQ FKDQJHV LQ V\QDSWLF DQG D[RQDO UHRUJDQL]DWLRQ
KDYH EHHQ UHSRUWHG GXULQJ WKH FRXUVH RI +6 &RPSOH[
DOWHUDWLRQV OHDGLQJ WR KLSSRFDPSDO SDWKRJHQHVLV RI 07/(
VXJJHVWV LQYROYHPHQW RI YDULRXV JHQHV DQG VLJQDOLQJ
SDWKZD\V7HPSRUDOOREHVXUJHU\DPLJGDODKLSSRFDPSHFWRP\





7KH VXSSRUWLQJ HYLGHQFH LQ SDWLHQWV ZLWK 076 LQFOXGHV
UHDFWLYHJOLRVLVREVHUYHGLQSDWKRORJLFVSHFLPHQVDQGFKDQJHV
LQ WKH H[SUHVVLRQ RI DSRSWRWLF JHQHV VKRZQPRVWO\ LQPRGHO
RUJDQLVPV  ,Q UHVSRQVH WR KDUPIXO VWUHVV FHOOV LQGXFH
DSRSWRVLV ZKLFK LV DOVR NQRZQ DV SURJUDPPHG FHOO GHDWK
6HL]XUHVFDQLQGXFHQHXURQDOGDPDJHDQGDFWLYDWHELRFKHPLFDO
SDWKZD\VDVVRFLDWHGZLWKDSRSWRVLV,QLWLDWLRQRIDSRSWRVLVKDV
EHHQ EURDGO\ VHSDUDWHG LQWR SURFHVVHV LQYROYLQJ WKH H[WULQVLF
SDWKZD\V VXFK DV WKRVH PHGLDWHG E\ GHDWK UHFHSWRUV RI WKH
WXPRU QHFURVLV IDFWRU 71) IDPLO\ 71)5 )DV  DQG WKH
LQWULQVLF SDWKZD\V ZKLFK DUH LQLWLDWHG E\ GLVWXUEDQFHV WR
LQWUDFHOOXODU RUJDQHOOH KRPHRVWDVLV SDUWLFXODUO\ DW WKH
PLWRFKRQGULDO PHPEUDQH HVSHFLDOO\ %FO VXSHUIDPLO\
PHPEHUV,QWKLVVWXG\ZHKDYHLQYHVWLJDWHGJHQHH[SUHVVLRQ
OHYHOV IRU ERWK H[WULQVLF DQG LQWULQVLF SDWKZD\V LQ KXPDQ
KLSSRFDPSDO PDWHULDO REWDLQHG IURP  SDWLHQWV ZLWK
LQWUDFWDEOH7/(FRPSDUHGWRFRQWUROVDPSOHVREWDLQHGIURP
FDGDYHU KLSSRFDPSDO WLVVXHV YLD UHDO WLPH 573&5 ZLWK
7DT0DQ SUREHV 2XU VWXG\ ZLWK KXPDQ EUDLQ PDNHV LW













0DOIRUPDWLRQV RI FHUHEUDO FRUWLFDO GHYHORSPHQW 0&' DUH
KHWHURJHQHRXV JURXS RI DEQRUPDOLWLHV FDXVH E\ ERWK JHQHWLF
DQG HSLJHQHWLF IDFWRUV DQGRIWHQSUHVHQWVZLWKGHYHORSPHQWDO
GHOD\ DQG VHL]XUHV 7KH DLP RI WKLV ZRUN LV WR SUHVHQW DQG
FRUUHODWH FOLQLFDO QHXURLPDJLQJ F\WRJHQHWLFV DQG PROHFXODU
FKDUDFWHULVWLFVRI0&'HQFRXQWHUHGLQ(J\SW2YHUDSHULRGRI
 \HDUV ZH LGHQWLILHG QLQHW\VHYHQ SDWLHQWV IURP  IDPLOLHV
ZLWK 0&' ZLWK FRQVDQJXLQLW\ UDWH  3DWLHQWV ZHUH
FODVVLILHGDFFRUGLQJWRWKHWKUHHRYHUODSSLQJVWDJHVRIFRUWLFDO
GHYHORSPHQWGHIHFWVFHOOSUROLIHUDWLRQPLJUDWLRQDQGFRUWLFDO
RUJDQL]DWLRQ 'HIHFWV LQ FHOO SUROLIHUDWLRQ
KHPLPHJDOHQFHSKDO\Q RIWKHPZDVUHODWHGWRGLIIHUHQW
QHXURFXWDQHRXV V\QGURPHV DQG IRFDO FRUWLFDO G\VSODVLD Q 
PDQLIHVWHGZLWKLQWUDFWDEOHVHL]XUHV'HIHFWVLQFHOOPLJUDWLRQ
DV FODVVLFDO OLVVHQFHSKDO\ /,6 Q  0LOOHU'LHNHU
V\QGURPH ZDV LQ  FDVHV ZLWK VSHFLILF IDFLHV DQG
PLFURGHOHWLRQRIWKHFULWLFDOUHJLRQSLGHQWLILHGE\),6+
DQDO\VLV 7KUHH RI  FDVHV ZHUH OLQNHG WR /,6 JHQH
,QWHUHVWLQJO\ZHLGHQWLILHGVLEVIURPILUVWFRXVLQSDUHQWZLWK
FODVVLFDO /,6 VXSSRUWLQJ WKH SRVVLELOLW\ RI SUHVHQFH RI DQ
DXWRVRPDOUHFHVVLYHO\LQKHULWHGFODVVLFDO/,6&REEOHVWRQH/,6
ZDVFDVHVLVRODWHGFREEOHVWRQHFRPSOH[ZDVLQIDPLOLHV




FHUHEHOODU K\SRSODVLD /&+ Q  WZR IDPLOLHV VHHPHG WR
EH UHODWHG WR5(/1JHQHPXWDWLRQZKLFKZDVRQO\ LGHQWLILHG
LQRQHRIWKHPZKHUHERWKVLEVKDGLQWHUHVWLQJO\KRPR]\JRXV
EDODQFHG UHFLSURFDO WUDQVFORFDWLRQ  FDXVLQJ GLVUXSWLRQ RI
5(/1JHQH2QHIDPLO\KDGKRPR]\JRXVPXWDWLRQLQ9/'/5
JHQHDQGWKHODVWIDPLO\KDGDXQLTXHSDWWHUQRI/&+VSHFLILF
IHDWXUHV DQG FRQJHQLWDO KHDUW GLVHDVH /LVVHQFHSKDO\ DQG
DPELJXRXV JHQLWDOLD ZHUH LGHQWLILHG LQ  PDOH SDWLHQWV
QHYHUWKHOHVVQRQHRIWKHPZDVOLQNHGWR$5;JHQH/,6ZDV
DOVR SUHVHQW LQ  IDPLOLHV  FDVHV ZLWK 1HX /D[RYD
V\QGURPH%LODWHUDO SHULYHQWULFXODU QRGXODU KHWHURWRSLDVZHUH
LQ  SDWLHQWV WZR RI WKHP ZHUH IHPDOH VLEV IURP
FRQVDQJXLQHRXVSDUHQWVZLWKPDFURFHSKDO\DQGVSHFLILFIDFLDO
IHDWXUHV DQG DQRWKHU SDWLHQW KDG FODVVLF IHDWXUHV RI 'RQQDL
%DUURZV\QGURPH3RO\PLFURJ\ULD30*ZDVSUHVHQWHGLQ
SDWLHQWV 3HULV\OYLDQ 30* Q  RQH RI WKHPZDV OLQNHG WR
T *HQHUDOL]HG 30* Q  ELODWHUDO IURQWRSDULHQWDO
30*Q IDPLOLHVZHUHGXHWRKRPR]\JRXVPXWDWLRQLQ
*35 JHQH DQG D VLQJOH SDWLHQW KDG D SDUDVDJJLWDO
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SRO\PLFURJ\ULD &RQJHQLWDO LQIHFWLRQ OLNH V\QGURPH ZDV
DVVLJQHG LQ  FDVHV  IDPLOLHV  IDPLOLHV KDG EDQG OLNH
FDOFLILFDWLRQ%/&DQG30*RIWKHPXQGHUZHQWPROHFXODU
DQDO\VLVDQG IRXQG WREH OLQNHG WRRFFOXGLQ 2&/1JHQH$
VLQJOH FDVH KDG FODVVLFDO /,6 DQG ELODWHUDO EDVDO JDQJOLD
FDOFLILFDWLRQZLWKH[FOXVLRQRINQRZQJHQHVFDXVLQJ/,6DQG
DQRWKHU FDVH ZLWK VLPSOLILHG J\UDO SDWWHUQ FHUHEHOODU
K\SRSODVLDDQGXQLTXHSDWWHUQRIFDOFLILFDWLRQ6FKL]HQFHSKDO\
Q  ZDV HLWKHU RSHQ OLS ELODWHUDO DQG V\PPHWULFDO LQ 
SDWLHQWV RU XQLODWHUDO LQ  SDWLHQWV  7KLV VWXG\ LOOXVWUDWHV WKH
ZLGHU SKHQRW\SLF VSHFWUXP RI 0&' DQG YHULILHV WKH




















SHUVLVWHQW DOEXPLQXULDZLWK GHFOLQLQJ UHQDO IXQFWLRQ DQG DUH
DW DQ LQFUHDVHG ULVN IRU PLFURYDVFXODU FRPSOLFDWLRQV OLNH
'LDEHWLF QHSKURSDWK\ '1 5HFHQWO\ WKH 8URPRGXOLQ ORFXV
HQFRGLQJ WKHPRVW FRPPRQSURWHLQ LQ KXPDQXULQH KDV EHHQ
IRXQGDVVRFLDWHGZLWKNLGQH\IXQFWLRQLQ+\SHUWHQVLYHSDWLHQWV
ZLWK FKURQLFNLGQH\GLVHDVH &.'  ,Q WKHSUHVHQW VWXG\ZH
H[DPLQHG WKH DVVRFLDWLRQ RI WKH FRPPRQ YDULDQW RI WKH
8URPRGXOLQ 802'JHQHZLWK W\SH  GLDEHWLF QHSKURSDWK\
DQGUHQDOIXQFWLRQ802'YDULDQWUVZDVJHQRW\SHG
LQ D FDVH FRQWURO VHWXS LQFOXGLQJ  XQUHODWHG W\SH 
GLDEHWLF LQGLYLGXDOV ZLWK DQG ZLWKRXW QHSKURSDWK\ IURP
6ZHGHQ 6FDQLD'LDEHWHV 5HJLVWU\ XVLQJ WKH$%, 5HDO WLPH
7DT0DQ DOOHOLF GLVFULPLQDWLRQ DVVD\  7KH ** JHQRW\SH RI
UV ZDV DVVRFLDWHG ZLWK D GHFUHDVHG ULVN RI
QHSKURSDWK\ 25  &,  S  DIWHU
FRUUHFWLRQIRUFRQIRXQGLQJIDFWRUVOLNHDJHJHQGHUEPL6%3
NLGQH\ IXQFWLRQ VPRNLQJ DQG GLDEHWHV GXUDWLRQ  7KH VDPH
JHQRW\SH ZDV DOVR DVVRFLDWHG ZLWK D EHWWHU NLGQH\ IXQFWLRQ
HVWLPDWHG JORPHUXODU ILOWUDWLRQ UDWH H*)5 %HWD  S
 LQ WKH RYHUDOO VWXG\ FRKRUW  7KH SUHVHQW VWXG\





















WKDW RFFXUV LQ DSSUR[LPDWHO\  RI DOO OLYHELUWKV
+RZHYHU ,8*5 FDQ DOVR EH D VLJQLILFDQW IHDWXUH RI PDQ\
UHFRJQL]HG JHQHWLF V\QGURPHV LQFOXGLQJ 6LOYHU5XVVHO
V\QGURPH 656 7KUHH 0 V\QGURPH 0 'XERZLW]
V\QGURPH DQG 0XOLEUH\ QDQLVP 'LIIHUHQWLDWLRQ RI 0
V\QGURPH IURP DXWRVRPDO UHFHVVLYH 656 KDV EHHQ GLIILFXOW
EHFDXVHRIWKHSKHQRW\SLFYDULDELOLW\RIWKHODWWHU/LPEOHQJWK
DV\PPHWU\ LVVHHQ LQRYHUKDOIRI WKRVHZLWK656EXWQRW LQ





656 WKDW VKRZV DXWRVRPDO UHFHVVLYH LQKHULWDQFH LQ WKUHH
FRQVDQJXLQHRXV IDPLOLHV WZR IURP 8QLWHG $UDE (PLUDWHV
8$( DQG RQH IURP -RUGDQ 6XEVHTXHQWO\ GLUHFW '1$
VHTXHQFLQJZDVSHUIRUPHGRQ&8/DQG2%6/JHQHVZKLFK
DUH ORFDWHG ZLWKLQ WKH PDSSHG UHJLRQV 1RYHO PXWDWLRQV LQ
ERWK JHQHV ZHUH IRXQG LQFOXGLQJ WZR PXWDWLRQV LQ 2%6/
>F*!& S:& DQG FBGHOLQV77 S4;@
DQGDQRQVHQVHPXWDWLRQ LQ&8/ >F*!$S:;@ ,Q
DGGLWLRQ D  QXFOHRWLGH GHOHWLRQ LQ &8/
>FBGHO$*&&*& SBGHO65@ ZDV IRXQG LQ D
FRQVDQJXLQHRXVIDPLO\IURP8$(WKDWKDGWKHW\SLFDOIHDWXUHV
RI0,QWKLVDUWLFOHZHTXHVWLRQWKHLGHQWLW\RIWKHDXWRVRPDO











3DUHQWDO FRQVDQJXLQLW\ UHVXOWV LQ DQ LQFUHDVHG ULVN RI KDYLQJ
RIIVSULQJZLWK FRQJHQLWDO DQRPDOLHVZKLFK KDV EHHQ UHSRUWHG
LQPDQ\FRXQWULHV(QRUPRXVGDWDVRXUFHVDUHDYDLODEOHRQOLQH
ZKLFKSURYLGHXVHIXO LQVLJKWVRQ WKHHIIHFWVRI FRQVDQJXLQLW\
DV DQ HWLRORJLFDO ULVN IDFWRU IRU FRQJHQLWDO GHIHFWV EXW WKHVH
VWXGLHV IRFXV RQ D SDUWLFXODU FRQJHQLWDO GHIHFW LQ D SDUWLFXODU
SRSXODWLRQ 7KLV VWXG\ ZDV XQGHUWDNHQ WR DQDO\]H WKH
FRQJHQLWDO GHIHFWV WUHQG DVVRFLDWHG ZLWK FRQVDQJXLQLW\ LQ
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GLIIHUHQWSRSXODWLRQVLHZKLFKFRQJHQLWDOGHIHFWVZHUHPRVW
VWXGLHG DQG ZKLFK ZHUH OHVV VWXGLHG LQ WDUJHW SRSXODWLRQV
IROORZHG E\ WKH GHYHORSPHQW RI D SURWRW\SLFDO PRGHO RI
FRQJHQLWDO GHIHFWV GXH WR FRQVDQJXLQLW\ EDVHG RQ VWDWLVWLFV
DSSOLHG RQ UHDO GDWD LQ OHVV VWXGLHG SRSXODWLRQV 7KH WDUJHW
SRSXODWLRQV LQ WKLV VWXG\ LQFOXGHG SRSXODWLRQV IURP (J\SW
,QGLD ,VUDHO2PDQ3DNLVWDQ6DXGL$UDELDDQG8QLWHG$UDE
(PLUDWHV 8$(  UHJLRQV ZLWK KLJK UDWHV RI FRQVDQJXLQLW\
7KH LQIRUPDWLRQ JDWKHUHG LQFOXGHG GHWDLOHG GHPRJUDSKLF
PHGLFDO VWDWLVWLFDO DQG RWKHU UHOHYDQW LQIRUPDWLRQ DERXW WKH
RFFXUUHQFHRIFRQJHQLWDOGHIHFWVGXHWRFRQVDQJXLQLW\IURPWKH
\HDUWR $QH[WHQVLYHDVVHVVPHQWRI WKH OLWHUDWXUH
UHYHDOHG WKDW LQ WKH 6DXGL SRSXODWLRQ PRUH VWXGLHV ZHUH
FRQGXFWHGRQ FRQJHQLWDO KHDUW GHIHFWV FRPSDUHG WR DQ\RWKHU
FRQJHQLWDO GHIHFW  ,Q 8$( PRVW RI WKH VWXGLHV IRFXVHG RQ
WKDODVVHPLDEXWOLWWOHDWWHQWLRQZDVSDLGWRZDUGVFKURPRVRPDO
DEQRUPDOLWLHV +RZHYHU KLJKHU IUHTXHQFLHV RI FKURPRVRPDO
DEQRUPDOLWLHV ZHUH VWXGLHG LQ 2PDQ DQG ,QGLD &RQJHQLWDO
GHDIQHVV ZDV WKH RQO\ FRQJHQLWDO GHIHFW ZKLFK ZDV HTXDOO\
VWXGLHG LQ DOO WKH WDUJHW SRSXODWLRQV +LJKHU UDWHV RI VWXGLHV
ZKLFK IRFXV RQ FRQJHQLWDO PDOIRUPDWLRQV RI WKH FHQWUDO







DQG SRSXODWLRQ DQG FRQFOXVLRQV KDYH EHHQ GUDZQ E\ XVLQJ
VWDWLVWLFDO PHWKRGV 'LIIHUHQW PRGHOLQJ DQG VLPXODWLRQ
DSSURDFKHVKDYHEHHQXVHGWRGHYHORSPRGHOVWKDWHQDEOHWKH
VWXG\ RI SDUWLFXODU V\VWHP DW D GHVLUHG OHYHO RI VSHFLILFDWLRQ
7KHPRGHOV FRQWDLQ YDULRXV SDUDPHWHUV RI WKH V\VWHPZKLFK
KHOSV WR DGMXVW V\VWHP FDSDELOLWLHV DFFRUGLQJ WR WKH DYDLODEOH
GDWD7KHYDULDWLRQLQWKHVHSDUDPHWHUVFDQSURYLGHDQLQVLJKW
LQWR WKH WUHQGV RI D SDUWLFXODU V\VWHP DSSOLFDEOH ZRUOGZLGH
8QOLNH VWDWLVWLFDO PRGHOV WKDW SURYLGH VWDWLVWLFDO GDWD IRU WKH
SDUWLFXODU UHJLRQ DQG SDUWLFXODU GLVHDVH VLPXODWLRQ PRGHOV
SURYLGH D XQLILHG PRGHO DSSOLFDEOH LQ PRVW FLUFXPVWDQFHV
UHJDUGLQJ D SDUWLFXODU GLVHDVH 7KHUHIRUH E\ FXVWRPL]LQJ
VLPXODWLRQ PRGHOV DFFRUGLQJ WR WKH SDUWLFXODU GLVHDVH
VWDWLVWLFDO GDWD RI RQH SRSXODWLRQ FDQ EH DSSOLHG WR WKH OHVV
VWXGLHG RQH LQ RUGHU WR DQDO\]H WKH EHKDYLRU RI D SDUWLFXODU
GLVHDVH 6LPLR LVD UDSLGPRGHOLQJGLVFUHWHHYHQWVLPXODWLRQ
VRIWZDUH ZKLFK LV H[WHQVLYHO\ XVHG WR PRGHO KHDOWKFDUH
PDQXIDFWXULQJ DQG DLUOLQHV PDQDJHPHQW V\VWHPV &XUUHQWO\
ZHDUHXVLQJ6LPLRVRIWZDUH WRGHYHORSVLPXODWLRQPRGHOV WR
VWXG\ WKH FRQJHQLWDO GHIHFW WUHQGV DVVRFLDWHG ZLWK














7KH UHDVRQ IRUPRUELGLW\ DQGPRUWDOLW\ LQ WKH HDUO\ LQIDQWLOH
SULPDU\ ODFWLF DFLGRVLV SDWLHQWV OLHV ZLWK WKH LQYROYHPHQW RI
RUJDQV VXFK DV OLYHU EUDLQ VRPHWLPH KHDUW  7KH JHQHWLFLVW
DQGWKHQHRQDWRORJLVWUHPDLQKHOSOHVVVLQFHQRLQIRUPDWLRQIRU
LWV SDWKRJHQHVLV H[LVWV SUHFOXGLQJ D UDWLRQDOLVWLF WKHUDS\ RU
SUHLPSODQWDWLRQ JHQHWLFV GLDJQRVLV RU SUHQDWDO GLDJQRVLV ,Q
WKLVVWXG\ZHSHUIRUPHGPW'1$PXWDWLRQVFUHHQLQJVWXG\IRU
SDWLHQWV KDYLQJ VHYHUH ODFWLF DFLGRVLV GXULQJ QHRQDWDO SHULRG
,QWKUHHSDWLHQWVZHKDYHLGHQWLILHGPXWDWLRQVLQ$73V\QWKDVH
 F\WRFKURPH F R[LGDVH , DQG F\WRFKURPH% JHQHV&OLQLFDO
FRXUVHRI WKHSDWLHQWVGHWDLOHGELRLQIRUPDWLFVDQDO\VLVRQ WKH
GHOHWHULRXVHIIHFWVRI WKHPXWDWLRQ DQG OLNHO\PHFKDQLVPVRI



















&RQJHQLWDO RU ,QIDQWLOH 1\VWDJPXV &1 LV D UDUH QHXURORJLF
LQKHULWHG FRQGLWLRQ ,W SUHVHQWV DV GLVDEOLQJ FRQMXJDWH
KRUL]RQWDO RVFLOODWLRQV RI WKH H\HV 7KLV GLVRUGHU FDQ EH
WUDQVPLWWHG LQ DQ ;/LQNHG IDVKLRQ DV D FRQVHTXHQFH RI
)50' RU *35 JHQHV PXWDWLRQV 7R GDWH VHYHUDO ORFL
KDYHDOVREHHQLGHQWLILHGLQDXWRVRPDOGRPLQDQWIRUPVRI&1
EXWQRFDXVDWLYHJHQHFRXOGEH LGHQWLILHG5HFHVVLYH&1ZDV
H[FHSWLRQDOO\ GHVFULEHG DQG KDV WR GDWH QHYHU EHHQ
LQYHVWLJDWHGE\JHQHWLFDQDO\VHV:HSUHVHQWKHUHDQDWWUDFWLYH
VWUDWHJ\ WR LGHQWLI\ WKH DXWRVRPDO UHFHVVLYH &1 JHQH LQ D
)UHQFK IDPLO\ ZLWK DQ D SULRUL KLJK SUREDELOLW\ RI
FRQVDQJXLQLW\5HFHQWO\WKLVVWUDWHJ\ZDVVXFFHVVIXOO\DSSOLHG
LQ DQRWKHU YHU\ UDUH FRQGLWLRQ FDOOHG'LDSKDQRVSRQG\ORVWRVLV
ZKHUHFRQVDQJXLQLW\ZDVVXVSHFWHG)XQDULHWDO$-+*





IROORZHG E\ +RPR]\JRVLW\ 0DSSLQJ DQDO\VLV XVLQJ
+RPR]\JRVLW\0DSSHU6HHORZHWDO31$6DQG3/,1.
3XUFHOO HW DO $-+*  7KLV JHQRPHZLGH DQDO\VLV
FRQILUPHGRXUK\SRWKHVLVRIKLGGHQ LQEUHHGLQJ ,W DOORZHGXV
WRLQIHUWKHOHYHORIFRQVDQJXLQLW\RIWKHVLEVKLSXVLQJYDULRXV
PHWKRGV RI KRPR]\JRVLW\E\GHVFHQW HVWLPDWLRQ 3RODVHN HW
DO %0& JHQRPLFV  ,W DOVR UHYHDOHG WKUHH UXQV RI
KRPR]\JRVLW\ 52+ VKDUHG E\ RQO\ DIIHFWHG FDVHV WZR RI
WKHP0HJDEDVHVDQG0HJDEDVHVLQOHQJWKUHVSHFWLYHO\
DUH ORFDOL]HG RQ FKURPRVRPH  7KH WKLUG EORFN 
0HJDEDVHV LQ OHQJWK OLHVRQFKURPRVRPH$JUHDWQXPEHU
RI VPDOOHU LQWHUYDOV EHWZHHQ  0HJDEDVHV LQ OHQJWK ZHUH
DOVRVKDUHGE\WKHDIIHFWHGVLVWHUV7KHVHUHVXOWVOHGXVWRDGRSW
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DKLJKWKURXJKSXWVHTXHQFLQJVWUDWHJ\RIDQ\52+LQRUGHUWR
GHWHUPLQH ZKHWKHU RQH RI WKHVH LQWHUYDOV FRQWDLQHG D &1
PXWDWLRQ :H WKXV FRPELQHG RXU UHVXOWV ZLWK ([RPH
6HTXHQFLQJ LQ WKH VLEVKLS XVLQJ ,OOXPLQD SDLUHGHQG
VHTXHQFLQJ WHFKQRORJ\ 6\VWHPDWLF VHDUFK RI KRPR]\JRXV
PXWDWLRQV DVVRFLDWHG ZLWK D FDQGLGDWHJHQHV DSSURDFK
SURYLGHG WKUHHJRRGFDQGLGDWHV IRU IXUWKHUDQDO\VLV7KHQH[W
VWHSRIRXUVWUDWHJ\ZLOOFRQVLVWLQFURVVLQJUHIHUHQFHVIURP
RWKHU UDUH UHFHVVLYH RU VSRUDGLF &1 FDVHV ZH DUH DFWXDOO\
UHFUXLWLQJ  SRSXODWLRQ VWXGLHV ZH ZLOO DQDO\]H WKH
FDQGLGDWHYDULDQWVLQODUJHSDQHOVRIFRQWUROSRSXODWLRQV






















1HSKURWLF 6\QGURPH 16 LV FKDUDFWHUL]HG E\ KHDY\
SURWHLQXULD K\SRSURWHLQDHPLD DQG RHGHPD &RQJHQLWDO
QHSKURWLF V\QGURPH &16 LV16RFFXUULQJZLWKLQ WKH ILUVW 
PRQWKV RI OLIH DQG PD\ VXJJHVW DQ LQKHULWHG FRQGLWLRQ
,QKHULWHG16LVJHQHWLFDOO\KHWHURJHQHRXV7RGDWHGHIHFWVLQDW
OHDVW HLJKW JHQHV KDYH EHHQ UHFRJQL]HG 13+6 13+6
$&71 &'$3 :7 753& /$0% DQG 3/&(
3URWHLQVHQFRGHGE\WKHVHJHQHVLQIOXHQFHWKHIXQFWLRQRI WKH
SRGRF\WHV DQG WKH VOLW GLDSKUDJP 7KH 6DXGL $UDELDQ
SRSXODWLRQ KDV D WULEDO VWUXFWXUH DQG WKH RYHUDOO UDWH RI
FRQVDQJXLQHRXVPDUULDJHLVUHSRUWHGWREHZLWKUHJLRQDO
YDULDWLRQV,QVXFKDSRSXODWLRQWKHLGHQWLILFDWLRQRIPXWDWLRQV
LQ NQRZQ UHFHVVLYH GLVHDVH JHQHV LV D UREXVW PHWKRG RI
GLDJQRVLVDQGZLOOLPSURYHFOLQLFDOPDQDJHPHQW7RGHWHUPLQH
WKHIUHTXHQF\RILQKHULWHG16VL[W\FDVHVRI&16IURP6DXGL
$UDELD ZHUH VFUHHQHG IRU PXWDWLRQV LQ WKH IROORZLQJ JHQHV
13+6 13+6 3/&( .,55(/ /$0% DQG &'$3
:HIRXQGWKDWWKHPRVWFRPPRQJHQHWLFFDXVHRI&16LQRXU
FRKRUWZDVPXWDWLRQRI13+6DFFRXQWLQJIRURIFDVHV
&RPPRQ PXWDWLRQV LQFOXGHG 9( 5+ DQG 90












1RZDGD\V GLDJQRVWLF PROHFXODU ELRORJ\ WHFKQLTXHV DUH WKH
IDVWHVW JURZLQJ DUHD RI ODERUDWRU\ PHGLFLQH OHDGLQJ WR
XQGHUVWDQGLQJRIKRZVWUXFWXUDOYDULDWLRQV LQ'1$DQG51$
DUH DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI WKH JHQHWLF GLVHDVHV
1HZ WHFKQRORJLHV KDYH FRQWULEXWHG WR WKH GUDPDWLF
DFFHOHUDWLRQ LQ RXU FDSDFLW\ WR LQYHVWLJDWH WKH JHQHWLF
FRPSRQHQWVRIKHUHGLWDU\GLVHDVHV0DQ\JHQHVUHVSRQVLEOHIRU
PRQRJHQLFGLVHDVHVKDYHEHHQVXFFHVVIXOO\ LVRODWHGDQGXVHG
IRU D FDVH RU FDUULHU GLDJQRVLV RI WKRVH GLVHDVHV $OWKRXJK
JHQHV WKDW FDXVH FRPSOH[ GLVHDVHV VXFK DV FDUGLRYDVFXODU
GLVHDVHDVWKPDRURVWHRSRURVLVDUHEHLQJVWXGLHGDQGLVRODWHG
EXW LW ZLOO WDNH WLPH EHIRUH XVLQJ WKHVH UHVXOWV LQ FOLQLFDO
SUDFWLFHGXHWRWKHFRPSOH[FLW\RILQWHUDFWLRQEHWZHHQJHQHWLF
DQG HQYLURQPHQWDO ULVN IDFWRUV 8VLQJ UHFHQW DQG VHQVLWLYH
PROHFXODU WHFKQLTXHV.XZDLW0HGLFDO*HQHWLF&HQWHU LVQRZ
VHUYLQJ D ODUJH QXPEHU RI SDWLHQWV KDYLQJ PRQRJHQLF
KHUHGLWDU\GLVRUGHUVDQGWKHLUIDPLOLHVZLWKDZHOOH[SHULHQFHG
VWDII PHPEHUV DQG YHU\ ZHOO HTXLSSHGPROHFXODU ODE DLPLQJ
IRU DFFXUDWH GLDJQRVLV RI DIIHFWHG FDVHV DQG FDUULHUV JHQHWLF
FRXQVHOLQJDQGDOVR WRSHUIRUPJHQHWLFVWXGLHV LQ WKLVDUHDRI
WKHZRUOG0RUHRYHUWKHODERIIHUVD'1$EDQNLQJIDFLOLW\IRU
JHQHWLF GLVHDVHV ZLWK XQFKDUDFWHUL]HG JHQHV IRU IXWXUH
LQYHVWLJDWLRQV DQG DOVR FDQ GR VFUHHQLQJ RI DQ\ JHQH IRU
XQNQRZQPXWDWLRQ GHWHFWLRQZLWK VSHFLDO DUUDQJHPHQW$ ORW
RI VLQJOH JHQH GLVRUGHUV PXWDWLRQV DUH GLDJQRVHG QRZ LQ
.0*& PROHFXODU ODE DV 1HXURPXVFXODU GLVRUGHUV 60$
/LPE*LUGOHDQGP\RWRQLFG\VWURSK\PHWDEROLFGLVRUGHUVDV
6DQMDG 6DNDWL *DXFKHU PLWRFKRQGULDO GLVHDVHV OLNH
0(5))0(/$6 DQG /HLJK V\QGURPHV EORRG GLVHDVHV DV
WKDODVVHPLD 6LFNOH FHOO DQHPLD KDHPRFKURPDWRVLV
QHXURGHJHQHUDWLYHGLVHDVHVDV0HWDFKURPDLFOHXNRG\VWURSK\
%DWWHQDQGVH['LIIHUHQWLDWLRQGLVRUGHUVOLNHK\GUR[\ODVH























UHJLRQ RI WKH IUDJLOH ; PHQWDO UHWDUGDWLRQ  )05 JHQH
FKURPRVRPHORFXV;TUHVXOWV LQ WKHGHILFLWRI WKH)05
JHQHVSHFLILF SURGXFW 7KH GLDJQRVLV RI )05UHODWHG
GLVRUGHUV GHSHQGV RQ WKH GHWHFWLRQ RI DQ DOWHUDWLRQ LQ WKH
)05 JHQH LQFOXGLQJ QRUPDO UDQJH DOOHOHV  &**
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UHSHDWV ODUJHVL]HGSHUPXWDWLRQV &**UHSHDWVDQG
IXOOPXWDWLRQV !&** UHSHDWV$OWKRXJK VHYHUDO VWXGLHV
KDYH EHHQ FRQGXFWHG WR LQYHVWLJDWH WKH SKHQRW\SHJHQRW\SH
UHODWLRQVKLSLQGLIIHUHQWSRSXODWLRQVSUHFLVHSUHYDOHQFHILJXUHV
RI WKH)05SUHPXWDWLRQ DQG IXOOPXWDWLRQDOOHOHV DQG WKHLU
DVVRFLDWLRQZLWK)05UHODWHGGLVRUGHUV LQ$UDESRSXODWLRQV
DUH ODFNLQJ :H UHSRUW RQ D VHULHV RI  -RUGDQLDQ VXEMHFWV
SUHVHQWLQJ V\PSWRPV UDQJLQJ IURP OHDUQLQJ GLVDELOLWLHV WR
VHYHUHPHQWDOUHWDUGDWLRQDQG-RUGDQLDQ32,SDWLHQWVDOORI
ZKLFKZHUHH[DPLQHG IRU WKHQXPEHURI&**UHSHDWVZLWKLQ
WKH )05 JHQH EHWZHHQ  DQG   6XEMHFWV ZHUH
H[DPLQHGE\VRXWKHUQEORWDQDO\VLVXVLQJ WKH6WESUREH
IRU K\EULGL]DWLRQ RQ (FR5,  (DJ, GRXEOH GLJHVWHG'1$ 
VXEMHFWVZHUHH[DPLQHGE\3&5XVLQJSULPHUVIODQNLQJ&**
H[SDQVLRQ LQ WKH)05µ875 7KHDPSOLILFDWLRQSURGXFWV
ZHUHUXQRQDXWRPDWHGVHTXHQFHUVXEMHFWVLQFOXGLQJWKH
32,SDWLHQWVZHUH H[DPLQHGE\ERWK WHFKQLTXHV$PRQJ WKH
 FRJQLWLYHO\ LPSDLUHGPHQWDOO\ UHWDUGHG VXEMHFWV PDOHV
DQG  IHPDOH FDUULHG WKH IXOO\ PXWDWHG DOOHOH ! &**
UHSHDWV DQG VXUSULVLQJO\ QRQH FDUULHG WKH SUHPXWDWHG DOOHOH
&**UHSHDWV ,QWHUHVWLQJO\RI WKHVH V\PSWRPDWLF
IXOO PXWDWLRQ FDUULHUV DUH XQUHODWHG UDQGRPO\ UHIHUUHG IRU
WHVWLQJLQGLYLGXDOVZLWKIDPLOLDORULJLQVIURPWKHFLW\RI.DUDN
VRXWK RI WKH FDSLWDO $PPDQ $PRQJ WKH 32, VXEMHFWV
H[DPLQHG RQO\ RQH IHPDOH FDUULHG D SUHPXWDWHG DOOHOH 
&** UHSHDWV ,Q DGGLWLRQ  DQG  VXEMHFWV KDYH D &**
UHSHDW DOOHOH LQ WKH UDQJH RI  DQG  UHVSHFWLYHO\
ZKHUHDVVXEMHFWVRQO\KDYHD&**UHSHDWDOOHOHLQWKHUDQJH
RI $OWKRXJK IXUWKHU DQDO\VLV LV QHFHVVDU\ SUHOLPLQDU\
GDWD LQGLFDWHV WKDW -RUGDQLDQ SDWLHQWVZLWKPHQWDO UHWDUGDWLRQ
DUH FDUULHUV RI WKH )05 IXOO PXWDWLRQ ZKHUHDV SDWLHQWV
VKRZLQJ FRJQLWLYH GLVDELOLWLHV DUH ZLWKLQ WKH QRUPDO


















UHFXUUHQW HSLVRGHV RI PDQLD DQG GHSUHVVLRQ 7KHUH LV
VXEVWDQWLDO HYLGHQFH IURP IDPLO\ WZLQ DQG DGRSWLRQ VWXGLHV
IRUWKHLPSRUWDQFHRIJHQHVLQLQIOXHQFLQJVXVFHSWLELOLW\WR%3
+RZHYHU ZLWK WKH H[FHSWLRQ RI VRPH ORFL RI VPDOO HIIHFW
XQFRYHUHG E\ PHWDDQDO\VLV RI JHQRPH ZLGH DVVRFLDWLRQ
VWXGLHV OLQNDJHDQGDVVRFLDWLRQVWXGLHVKDYHUHSHDWHGO\IDLOHG
WRSURGXFHFRQVLVWHQWDQGUHSOLFDEOHILQGLQJVIRU%37KHDLP
RI RXU VWXG\ LV WR ORFDOL]H DQG LGHQWLI\ JHQHWLF YDULDQWV WKDW
FRQWULEXWH WR WKHGHYHORSPHQWRI%3E\FRQGXFWLQJDZKROH
JHQRPH OLQNDJH VFDQ IRU VXVFHSWLELOLW\ ORFL IRU%3 LQ D ODUJH
PXOWLJHQHUDWLRQDO IDPLO\ IURP %UD]LO )ROORZLQJ WKH
LGHQWLILFDWLRQDQGYHULILFDWLRQRI%3OLQNDJHUHJLRQVLWLVRXU
DLPWRLGHQWLI\WKHPXWDWLRQVZLWKLQWKHUHJLRQVWKDWPD\EH
FRQWULEXWLQJ WR WKH GHYHORSPHQW RI %3 XVLQJ VHTXHQFLQJ
DSSURDFKHV  0(7+2'6 7KLV %UD]LOLDQ %LSRODU )DPLO\
%%)LQFOXGHVIDPLO\PHPEHUVRIZKRPKDYHEHHQ
VFUHHQHG XVLQJ WKH 6WUXFWXUDO &OLQLFDO ,QWHUYLHZ IRU'60,9
6&,' DQG .LGGLH6FKHGXOH IRU $IIHFWLYH 'LVRUGHUV DQG
6FKL]RSKUHQLD .6$'6 6HYHQW\RQH PHPEHUV  DUH
DIIHFWHG ZLWK %3, %3,, 6FKL]RDIIHFWLYH DIIHFWLYH
GLVRUGHUELSRODU W\SH 6$ DQG 5HFXUUHQW 0DMRU 'HSUHVVLYH
'LVRUGHU 0'' 7KUHHKXQGUHG DQG WKLUW\ IDPLO\ PHPEHUV
KDYH EHHQ JHQRW\SHG XVLQJ WKH $II\PHWUL[ KXPDQ
PDSSLQJ. DUUD\  8VLQJ SDUDPHWULF DQG QRQSDUDPHWULF
OLQNDJHDSSURDFKHVZHKDYHWHVWHGWKHFRVHJUHJDWLRQEHWZHHQ
%3DQG6LQJOH1XFOHRWLGH3RO\PRUSKLVP613PDUNHUVLQWKH
%UD]LOLDQ %LSRODU IDPLO\ XVLQJ GLIIHUHQW GLVHDVH DQG














/DWHQW DXWRLPPXQHGLDEHWHVRI DGXOWV /$'$ LV D VXEJURXS
RIGLDEHWHVVRPHZKHUHRQWKHERUGHUODQGEHWZHHQW\SHDQG
W\SHGLDEHWHV/$'$LVFKDUDFWHUL]HGE\DODWHDJHRQVHWDQG
UHODWLYHO\ PLOG SURJUHVVLRQ EXW ZLWK XQPLVWDNDEOH VLJQV RI
DXWRLPPXQLW\ WKH PRVW SUHGRPLQDQW DUH JOXWDPLF DFLG
GHFDUER[\ODVH*$' LVOHWFHOODQWLERGLHV,&$DQG LQVXOLQ
DQWLERGLHV ,$ 7KH F\WRWR[LF 7 O\PSKRF\WH DQWLJHQ
&7/$LVDFRVWLPXODWRU\PROHFXOHH[SUHVVHGRQDFWLYDWHG
7O\PSKRF\WHVDQGLVDQLPSRUWDQWQHJDWLYHUHJXODWRURI7FHOO
DFWLYDWLRQ 6LQFH GHIHFWV LQ 7 FHOO UHJXODWLRQ DUH EHOLHYHG WR
XQGHUOLH WKH EDVLF HWLRORJ\ RI HQGRFULQH DXWRLPPXQLW\ LW LV
SRVVLEOH WKDW GHIHFWV LQ &7/$ H[SUHVVLRQ RU IXQFWLRQ PD\
SUHGLVSRVH WR RWKHU DXWRLPPXQH GLVRUGHUV  2EMHFWLYH 7R
GHWHFWWKHSUHVHQFHRILVOHWFHOODXWRDQWLERGLHV*$'	,$
LQ FOLQLFDOO\ GLDJQRVHG W\SH ,, SDWLHQWV ZLWK YLHZ WR EH
FODVVLILHG DV KDYLQJ /$'$ DQG WR HYDOXDWH WKH LPSDFW RI
DOOHOLFYDULDQWVRI WKH&7/$JHQH LQ WKRVH/$'$SDWLHQWV
*$' ,&$DQG ,$ DXWRDQWLERGLHVZHUH HYDOXDWHG LQ
FOLQLFDOO\ FKDUDFWHUL]HG W\SH WZRGLDEHWLF SDWLHQWV PRUH WKDQ
 \HDUV ZKR KDG EHHQ RQ RUDO WKHUDS\ IRU DW OHDVW WKUHH
PRQWKV 7KH SRO\PRUSKLVP RI &7/$ JHQH LQ /$'$
SDWLHQWV ZHUH WKHQ VWXGLHG XVLQJ &7 $* 613 DQG WKH
&7%&B&7613FRPSDULQJWRVLPLODUQXPEHURIQRUPDO
FRQWUROV  7KLUW\WZR SDWLHQWV  ZHUH SRVLWLYH IRU WKH
WKUHH DXWRDQWLERGLHV ,Q WKRVH SDWLHQWV ,W ZDV IRXQG WKDW WKH
&7 ** JHQRW\SH S  DQG WKH &7%&B 77
JHQRW\SHS ZHUHVLJQLILFDQWO\DVVRFLDWHGZLWK/$'$
EXW WKH KHDOWK\ FRQWUROV GLG QRW KDYH VXFK SRO\PRUSKLVPV
7KLV VWXG\ UHYHDOHG WKDW /$'$ SUHYDOHQFH LQFUHDVHV
GUDPDWLFDOO\DQGPLVFODVVLILHGLQWR7\SHGLDEHWHVUHVXOWLQJLQ
VHULRXV FRPSOLFDWLRQV DQG IDOVH WUHDWPHQW PRQLWRULQJ
0RUHRYHU QRW RQO\ W\SH  GLDEHWHV EXW DOVR /$'$ LV
DVVRFLDWHG ZLWK &7/$ JHQH SRO\PRUSKLVPV 7KH DJH DQG
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JHQHUDO V\PSWRPV DUH QRW DGHTXDWH WR FODVVLI\ GLDEHWHV
PHOOLWXV KHQFH SDQFUHDV DXWRDQWLERGLHV VKRXOG EH H[DPLQHG
URXWLQHO\IRUGLDEHWLFSDWLHQWV7KHUROHRI&7/$JHQHLQWKH














:LWK D FORVH ORRN RQ WKH QRQ FRPPXQLFDEOH GLVHDVHV LQ WKH
0LGGOH (DVW RQH VHHV D VWULNLQJ SUHYDOHQFH RI JHQHWLF
GLVRUGHUV RI ERWK PRQRJHQLF DQG SRO\JHQLF W\SHV  :KDW LV
PRUHVWULNLQJLVWKHWLPLGDFKLHYHPHQWVWKDWRULJLQDWHIURPWKH
$UDELDQSRSXODWLRQJHQHWLFUHVHDUFKKRZHYHUIRUWKHODVWIHZ
\HDUV VLJQLILFDQW JHQHWLF UHSRUWV KDYH VWDUWHG WR HPHUJH
EULQJLQJDQHZHUDRI UHVHDUFK LQWR WKH UHJLRQDQG WKDWQHHGV
IXUWKHU QRXULVKPHQW *HQRPHZLGH DVVRFLDWLRQ VWXGLHV
*:$6 LV D PRGHUQ JHQHWLF PHWKRG WKDW FDQ TXLFNO\ VFDQ
DFURVV WKH ZKROH JHQRPH LQ PDQ\ LQGLYLGXDOV IRU JHQHWLF
PDUNHUV LQFOXGLQJ VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V
DQG FRS\QXPEHUYDULDWLRQV &19V 9DULDWLRQVREVHUYHG LQ
WKHVH JHQRPLFPDUNHUV FDQ EH XVHG WR DVVHVV WKH XQGHUO\LQJ
JHQHWLFVDVZHOODVWKHULVNRIGLVHDVHGHYHORSPHQW,QUHFHQW
\HDUVWKLVDSSURDFKKDVEHHQKHDYLO\DQGVXFFHVVIXOO\XVHGLQ
PDQ\ SRSXODWLRQV LQ ZKLFK GLVHDVH ORFL DQG JHQHV ZHUH
LGHQWLILHG DQG FKDUDFWHUL]HG  'LVRUGHUV VWXGLHG WKURXJK WKLV
PHWKRG LQFOXGH REHVLW\ GLDEHWHV FRURQDU\ DUWHU\ GLVHDVH
FDQFHU DVWKPD DQG PHQWDO LOOQHVV  6XFK DFKLHYHPHQWV DUH
DWWULEXWHG WRERWK WKH UHFHQWDGYDQFHPHQWV LQ VHTXHQFLQJDQG
JHQRW\SLQJ WHFKQRORJLHV LQ DGGLWLRQ WR WKH DQDO\WLFDO WRROV
ZKLFK WRJHWKHUPDGH LWSRVVLEOH WRTXHU\RQ WKHVRSKLVWLFDWHG
JHQHWLF DQG HQYLURQPHQWDO IDFWRUV WKDW FRQWULEXWH WR RU
DVVRFLDWHZLWK WKHVHFRPSOH[GLVHDVHV5HJDUGLQJWKHJHQHWLF
DVVRFLDWLRQ VWXGLHV LQ WKH 0HGLWHUUDQHDQ $UDE FRXQWULHV
VHYHUDOVWXGLHVZHUHFRQGXFWHGRQ$UDESRSXODWLRQV LQZKLFK
RQH RU IHZ 613V ZHUH JHQRW\SHG LQ UHODWLYHO\ VPDOO VL]H
FRKRUWV RI FDVHV DQG FRQWUROV  %RWK SRVLWLYH DQG QHJDWLYH
DVVRFLDWLRQV ZHUH UHSRUWHG IURP WKHVH VWXGLHV DQG KHQFH
IXUWKHUUHVHDUFKLVZDUUDQWHGWRDGGUHVVWKHJHQHWLFDUFKLWHFWXUH




IRU WKH $UDELDQ JHQHWLF UHVHDUFK LV DUJXDEOH RQ WKH EDVHV RI
DUUD\PDUNHU UHSUHVHQWDWLRQ 7KHVWDWHDQGNQRZOHGJHRQ WKH












7KH SUREOHP RI0Q62'PLFURKHWHURJHQHLW\ LQ SDWLHQWVZLWK
EUHDVW WXPRUV LV LQWHUHVWLQJ ,Q WKLV VWXG\ 0DQJDQHVH
6XSHUR[LGH 'LVPXWDVH 0Q62' DFWLYLW\ ZDV HYDOXDWHG LQ
EUHDVWFDQFHUDQGEHQLJQIHPDOHV7KLUW\VL[IHPDOHVDQGVHYHQ
FRQWURODWWHQGLQJ.LQJ+XVVHLQ0HGLFDO&LW\DQG
+DP]DK +RVSLWDO  ZHUH HQUROOHG LQ WKLV VWXG\ WZHQW\
RQHZHUHKLVWRSDWKRORJLFDOO\GLDJQRVHGZLWKEUHDVWFDQFHUDQG
ILIWHHQ ZHUH EHQLJQ SDWLHQWV 0Q62' HQ]\PH DFWLYLW\ ZDV
GHWHUPLQHGXVLQJDQ LQGLUHFWFRPSHWLWLYH LQKLELWLRQDVVD\DQG
0Q62' JHQH SRO\PRUSKLVP XVLQJ 3&5 DQG JHO
HOHFWURSKRUHVLV 0Q62' HQ]\PDWLF DFWLYLW\  Æ 
ZDVVLJQLILFDQWO\ORZHULQPDOLJQDQWEUHDVW WXPRUVWKDQWKRVH
LQEHQLJQWXPRUVÆDPRQJ9DO9DOSDWLHQWV$W
WKH VDPH WLPH0Q62' HQ]\PDWLF DFWLYLW\ ZDV VLJQLILFDQWO\
ORZHULQPDOLJQDQWEUHDVWWXPRUVÆWKDQWKRVHLQ
EHQLJQWXPRUVÆDPRQJ$OD9DOSDWLHQWV0Q62'
HQ]\P]WLF DFWLYLW\ ZDV ORZHU DPRQJ 9DO9DO FDQFHURXV
IHPDOHV FRPSDUHG WR EHQLJQ IHPDOHV DQG0Q62' HQ]\P]WLF
DFWLYLW\ ZDV ORZHU DPRQJ $OD9DO FDQFHURXV IHPDOHV
FRPSDUHG WR 9DO9DO FDQFHURXV IHPDOHV  0Q62' JHQH
SRO\PRUSKLVP$OD9DOPD\EHFRQVLGHUHGDVULVNIDFWRUV WKDW
DUHLQYROYHGLQEUHDVWFDQFHUGHYHORSPHQWDQGSURJUHVVLRQVR













+RPR 1HDQGHUWKDOLHQV LV WKH PRVW UHFHQW KRPLQLG ZKLFK
DFFRUGLQJWRUHFHQWHYLGHQFHVFRH[LVWHGLQVHYHUDOSDUWVRIWKH
ZRUOG ZLWK +RPR 6DSLHQV $QG VR LW ZDV H[SHFWHG WKDW WKH
GHWDLOHG LQIRUPDWLRQ RI 1HDQGHUWDO PD\ JLYH LQVLJKW LQWR
KXPDQHYROXWLRQPRUHYLEUDQWO\2QHYHU\FRQVSLFXRXVDUHDRI
WKHDQDO\VLVKDVEHHQKXPDQFRJQLWLRQDQGEUDLQHYROXWLRQ,W




VXFFHVV LQ VHTXHQFLQJ1HDQGHUWDOVJHQRPH LW KDVEHHQ IRXQG
WKDW VHYHUDO FKDQJHV KDYH WDNHQ SODFH LQ PRGHUQGD\KXPDQ
FRPSDULQJ WR WKH 1HDQGHUWDOk¼VV JHQRPH 2QH VXFK
FRPSDULVRQKDVFDWDORJXHGQRQV\QRQ\PRXVEXWQRQIL[HG
VXEVWLWXWLRQ FKDQJHV LQ FRGLQJ VHTXHQFHV RI JHQHV $630
3&170&3+*/,5$,8&3(9&&2%$0<2&
:51 $%&$& K\SRWKHVL]HG WR EH LPSRUWDQW LQ KXPDQ
HYROXWLRQ  )RU WKHVH FKDQJHV WKH 1HDQGHUWDO VKRZV PRUH
VLPLODULW\ WR RWKHU DSHV OLNH&KLPSDQ]HHV  ,Q WKLV VWXG\ DOO
WKRVH JHQHV KDUERULQJ WKH FKDQJHV LQ  SRVLWLRQV ZHUH
DQDO\]HGXVLQJSURWHLQLQWHUDFWLRQDQDO\VLVWRROVDQGGDWDEDVHV
OLNH VWULQJ KWWSVWULQJGERUJ DQG %LRJULG
KWWSWKHELRJULGRUJ 2I WKHP LW ZDV IRXQG WKDW $630
3&17 0&3+ 5$, */, DUH DVVRFLDWHG WR EUDLQ
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GHYHORSPHQWDQGIXQFWLRQDOLW\7KHQRQV\QRQ\PRXVFKDQJHV
LQ WKHVH JHQHV LQ PRGHUQ GD\ KXPDQ LQGLFDWH WKHLU
VLJQLILFDQFHVLQKXPDQEUDLQDQGFRJQLWLRQDGMXVWPHQW$QGLW
ZDV IRXQG IURP RWKHU DQDO\VHV XVLQJ 613V DQG PXWDWLRQ 
GDWDEDVHV WKDW WKH DQFHVWUDO VWDJHV RI WKHVH JHQHV LQ
1HDQGHUWDOV DFWXDOO\ IDYRUHG WKH JUHDWHU JURZWK UDWH RI WKH
EUDLQ LQ SRVWQDWDO VWDJHV +RZHYHU WKHLU FRJQLWLYH DQG
LQWHOOHFWXDO VWDWXV UHPDLQHG ORZHU EHFDXVH RI WKH OHVVHQHG
IXQFWLRQDO DELOLW\ RI WKH ODUJHU EUDLQ  2QH YHU\ LQWHUHVWLQJ
ILQGLQJ ZDV WKH DQFHVWUDO VWDJH RI WKH 8&3 JHQH LQ
1HDQGHUWDO 7KLV SURWHLQ LV RQO\ H[SUHVVHG LQ EURZQ DGLSRVH
WLVVXHV %$7 ZKLFK IXQFWLRQV WR SURGXFH KHDW 2QH YHU\















7KHUH DUH VHYHUDO IRUPV RI LQKHULWHG LVRODWHG DORSHFLDV ZLWK
YDULDWLRQ LQ DJH RI RQVHW DQG VHYHULW\ 7KH PDLQ FDXVH LV
FRQVDQJXLQHRXV PDUULDJHV LQ 3DNLVWDQ 7KHUH DUH PDQ\
FRQVDQJXLQHRXV IDPLOLHV ZLWK GLIIHUHQW W\SHV RI DORSHFLD




GLVRUGHUV FDQEH FRQWUROOHG WKURXJKFDUULHU VFUHHQLQJ JHQHWLF
FRXQVHOLQJ PXWDWLRQ GHWHFWLRQ DQG SUHQDWDO GLDJQRVLV 7R
HVWDEOLVK VXFK SURJUDPV LW LV PDQGDWRU\ WR XQGHUVWDQG WKH
PROHFXODUEDVLVRIWKHVHGLVRUGHUV,QWKLVVWXG\ZHDVFHUWDLQHG
HLJKWFRQVDQJXLQHRXVDORSHFLDIDPLOLHVZLWKPXOWLSOHDIIHFWHG
PHPEHUV IURP 3XQMDE DQG QRUWKHUQ SDUW RI 3DNLVWDQ 7KH
GLVHDVH VHJUHJDWHV LQ DOO IDPLOLHV LQ DXWRVRPDO UHFHVVLYH
IDVKLRQ:HXVHGFDQGLGDWHJHQHDSSURDFK IRU WKLV VWXG\ DQG
VHOHFWHGILYHJHQHVOLNH+535</,3+'6*DQG)2;,
/LQNDJHDQDO\VLVZDVSHUIRUPHGE\3&5XVLQJWKH675VKRUW
WDQGHP UHSHDWV PLFURVDWHOOLWH PDUNHUV IRU WKH NQRZQ ORFL
)LYH IDPLOLHV VKRZHG OLQNDJH WR 35< JHQH WZR IDPLOLHV
ZLWK/,3+JHQHZKHUHDVRQO\RQHIDPLO\RI$ORSHFLDOLQNHGWR
+5JHQH'LUHFW VHTXHQFLQJRI WKH3&5SURGXFWV FDUULHGRXW
DQGLGHQWLILHGWKHSDWKRJHQLFPXWDWLRQV:HIRXQGDPXWDWLRQ
LQ 35< JHQH LQ ILYH IDPLOLHV ZLWK DXWRVRPDO UHFHVVLYH
ZRRO\ KDLU $5:+ +DSORW\SH DQDO\VLV LGHQWLILHG VDPH
GLVHDVH KDSORW\SH LQ DOO WKHVH IDPLOLHV ZKLFK VKRZHG WKH
FRPPRQ DQFHVWRU IRU WKHP $ORQJ WKLV PXWDWLRQ ZH DOVR
LGHQWLILHG WZR UHFXUUHQW PXWDWLRQV LQ /,3+ DQG RQH LQ +5





















FRQGLWLRQV LQ ZKLFK WKH GHYHORSPHQW RI FKURPRVRPDO
JRQDGDO RU DQDWRPLFDO VH[ LV DW\SLFDO '6' FRYHUV D ZLGH
VSHFWUXP RI SKHQRW\SHV ;< '6' LQFOXGHV ;<
FRPSOHWHRUSDUWLDOJRQDGDOG\VJHQHVLVRUXQGHUYLULOLVDWLRQRU
XQGHUPDVFXOLQL]DWLRQ RI DQ ;< PDOH 2YRWHVWLFXODU '6'
UHIHUVWRDQLQGLYLGXDOZLWKERWKRYDULDQDQGWHVWLFXODUPDWHULDO
SUHVHQW LQ WKH VDPH RU GLIIHUHQW JRQDGV DQG ;; WHVWLFXODU
'6' UHIHUV WR DQ;;PDOHZLWK WHVWHV2WKHU IRUPV RI'6'
LQFOXGHFORDFDOH[WURSK\ VHYHUHK\SRVSDGLDVYDJLQDO DWUHVLD
DQG DV SDUW RI RWKHU FRQGLWLRQV VXFK DV 0D\HU5RNLWDQVN\
.XVWHU+DXVHU V\QGURPH 6PLWK/HPOL2SLW] V\QGURPH RU
JHQLWRSDODWRFDUGLDF V\QGURPH ,W KDV EHHQ HVWLPDWHG WKDW D
PROHFXODU GLDJQRVLV LV PDGH LQ RQO\ DURXQG  RI '6'
H[FHSW LQ FDVHV ZKHUH WKH ELRFKHPLFDO SURILOH LQGLFDWHV D
VSHFLILFVWHURLGRJHQLFEORFN7KHVHFRQGLWLRQVDUHUHIUDFWLOHWR
FODVVLFJHQHWLFDSSURDFKHVVLQFHIDPLOLDOFDVHVDUHUDUHDQGWKH
VH[ GHWHUPLQDWLRQ DV D GHYHORSPHQWDO SURFHVV LV QRW
HYROXWLRQDU\ZHOOFRQVHUYHG7KHDQDO\VHVRIFDQGLGDWHJHQHV
KDV KDG OLPLWHG VXFFHVV :H KDYH XVHG D ZKROH H[RPH
VHTXHQFLQJ DSSURDFK RQ  FDVHV RI ;< '6' DQG ;;
'6' ZLWK RU ZLWKRXW VRPDWLF DQRPDOLHV 7KH DVVRFLDWHG
VRPDWLF DQRPDOLHV LQFOXGHG DXWLVP OHDUQLQJ GLIILFXOWLHV DQG
FRQJHQLWDO KHDUW GLVHDVH :H LGHQWLILHG SRWHQWLDO GLVHDVH
FDXVLQJ PXWDWLRQV DVVRFLDWHG ZLWK WKHVH SKHQRW\SHV ,Q RQH
H[DPSOHD;<JLUOZKRSUHVHQWHGZLWKJRQDGDOG\VJHQHVLV
DQG OHDUQLQJGLIILFXOWLHV DQGZKRZDVERUQ WR FRQVDQJXLQRXV
SDUHQWVFDUULHGWZRPLVVHQVHPXWDWLRQVLQWKH)2*JHQHRQH
KRPR]\JRXV RWKHU KHWHUR]\JRXV0XULQH )RJPXWDWLRQV DUH
DVVRFLDWHGZLWKDFRPSOH[SKHQRW\SH WKDW LQFOXGHVDQRPDOLHV
RI WHVWLV GHYHORSPHQW )XQFWLRQDO VWXGLHV LQGLFDWHG )2*
SURWHLQFDUU\LQJERWKWKHPXWDQWVH[KLELWHGDEHUUDQWELRORJLFDO
DFWLYLW\7KHVHGDWD LQGLFDWH WKH NH\ UROH RI)2* LQ KXPDQ
WHVWLFXODU GHYHORSPHQW DQG LGHQWLI\ D QHZ JHQHWLF FDXVH RI
KXPDQ ;< '6' 7KH DQDO\VHV RI RWKHU '6' SDWLHQWV
LQFOXGHG LQ WKLV VWXG\ UHYHDOHG VHYHUDO SRWHQWLDO SDWKRJHQLF
PXWDWLRQV WKDW LQFOXGHG 0$3 NLQDVH JHQHV DQG D QRQVHQVH
PXWDWLRQ LQ WKH 771 JHQH WKDW LV DVVRFLDWHG ZLWK FRQJHQLWDO
KHDUW GLVHDVH 7KHVH GDWD KLJKOLJKW WKH SRZHU RI DQ H[RPH
VHTXHQFLQJ DSSURDFK WR XQGHUVWDQG WKH JHQHWLF EDVLV RI






















V\QGURPH LV DQ DXWRVRPDO UHFHVVLYH FRQGLWLRQ WKDW PRVWO\
DIIHFWVMRLQWVDQGWHQGRQVEXWFDQDOVRDIIHFWWKHSHULFDUGLXP
ZKLFKLVDVXUIDFHVXUURXQGLQJWKHKHDUW7KH&$&3V\QGURPH
LV FDXVHG E\PXWDWLRQV LQ D VHFUHWHG SURWHRJO\FDQ  35*
JHQH ZKLFK H[SUHVVHV LQ VNHOHWDO DV ZHOO DV QRQVNHOHWDO
WLVVXHV,QWKHSUHVHQWLQYHVWLJDWLRQZHKDYHGHVFULEHGDODUJH
SHGLJUHHZLWKPXOWLSOHDIIHFWHGLQGLYLGXDOVVHJUHJDWLQJ&$&3
V\QGURPH LQ DQ DXWRVRPDO UHFHVVLYH PDQQHU *HQRPH ZLGH
KRPR]\JRVLW\ PDSSLQJ XVLQJ . DUUD\ UHYHDOHG D ODUJH
KRPR]\JRXV UHJLRQ RQ FKURPRVRPH  FDUULHG E\ DOO WKH
DIIHFWHG LQGLYLGXDOV 7KLV UHJLRQ FRQWDLQV WKH SUHYLRXVO\
GHVFULEHG35*JHQHLQYROYHGLQ&$&3V\QGURPH6HTXHQFH
DQDO\VLV RI 35* JHQH LQ DIIHFWHG LQGLYLGXDOV RI WKH IDPLO\
SUHVHQWHG KHUH UHYHDOHG D  EDVH SDLU GHOHWLRQ
FBGHO$$ SUHGLFWLQJ D IUDPH VKLIW PXWDWLRQ













,QWHUOHXNLQ  LV DVVRFLDWHG ZLWK VHYHUDO LQIODPPDWRU\
FRQGLWLRQV LQFOXGLQJ DVWKPD DQG SRO\PRUSKLVPV LQ ERWK
,/$ DQG ,/) PD\ FRQWULEXWH WR HLWKHU VXVFHSWLELOLW\ RU
UHVLVWDQFHWRDVWKPDDVWKHVHSRO\PRUSKLVPVPD\LQIOXHQFHWKH
H[SUHVVLRQ RI WKH JHQH SURGXFW :H LQYHVWLJDWHG SRVVLEOH
DVVRFLDWLRQ EHWZHHQ ILYH SRO\PRUSKLVPV LQ LQWHUOHXNLQ 
,/ JHQH >UV *$ DQG UV &7 RI
,/$DQGUV7&UV7&DQGUV
*$RI,/)@DQGDVWKPDGHYHORSPHQWLQ6DXGLSRSXODWLRQ
DQG VWXGLHG WKH HIIHFW RI WKHVHSRO\PRUSKLVPVRQ WKHSODVPD
OHYHOV RI ,/$ DQG ) LQ DVWKPDWLFV YHUVXV FRQWUROV 7KH
VWXG\JURXS LQFOXGHG  DVWKPDSDWLHQWV DQG  HWKQLFDOO\
PDWFKHG FRQWUROV *HQRW\SLQJ ZDV SHUIRUPHG RQ SXULILHG
'1$XVLQJ573&5ZLWKVSHFLILFSULPHUVDQGSUREHV/HYHOV
RI ,/$ DQG ,/) SURWHLQV ZHUH PHDVXUHG LQ SODVPD E\




,/$ DQG ,/) SURWHLQV ZHUH ERWK KLJKHU LQ DVWKPDWLFV
OHYHOVRI,/$SURWHLQZHUHÆLQFRQWUROYHUVXV
Æ  SJPO LQ SDWLHQWV ZKHUHDV OHYHOV RI ,/)
SURWHLQZHUHÆ LQFRQWUROYHUVXVÆ
SJPO LQ SDWLHQWV 7KH GLIIHUHQFH ZDV VWDWLVWLFDOO\ VLJQLILFDQW
IRU,/)S EDVHGRQWKHWWHVW/HYHOVRI,/$DQG
,/) FRUUHODWHG SRVLWLYHO\ DQG VLJQLILFDQWO\ LQ WKH SDWLHQWV
JURXS S 7KLV SDSHU ZLOO SUHVHQW WKH UHVXOWV RI RXU

















VWXG\ RQ *3' GHILFLHQF\ RXU VWXG\ ZDV FDUULHG RXW RQ
7XQLVLDQ GHILFLHQW VXEMHFWV  IHPDOHV DQG  PDOHV
$FFRUGLQJ WR WKLV VWXG\ XVLQJ 3&55)/3 VHYHQ GLIIHUHQW
PXWDWLRQV KDYH EHHQ IRXQGZLWK WKH SUHYDOHQFH RI*3'$
YDULDQW )RFXVLQJ RQ WKH SDUW RI WKH JHQH EHWZHHQ H[RQ  WR
H[RQ  E\ 3&566&3 RI FRGLQJ UHJLRQV IROORZHG E\ GLUHFW
VHTXHQFLQJ RI DEQRUPDO SDWWHUQ WKUHH QHZ PXWDWLRQV ZHUH
GHWHFWHG 7ZR RI WKHP DUH SRO\PRUSKLF LQWURQLF PXWDWLRQV
7KHILUVW LV ,969&!&7ZDVIRXQGLQIHPDOHVXEMHFWV
ZLWKPLOG GHILFLHQF\RI FODVV ,,, YDULDQW7KH VHFRQG LV ,96
9,,,*!$IRXQGLQPDOHVXEMHFWVZLWKPLOGGHILFLHQF\RI
FODVV ,,, YDULDQW 7KH WKLUGPXWDWLRQ LV LQ WKH H[RQ UHJLRQ VR
WKDWLWFKDQJHVWKHSULPDU\VWUXFWXUHRIWKHPROHFXOH,WLVFLWHG
IRU WKH ILUVW WLPHDQGZDVQDPHG*3'7XQLVLD7KLVYDULDQW
DIIHFWVWKHH[RQRIWKHJHQHDWJHQRPLFSRVLWLRQ*!7
,WµVF'1$SRVLWLRQLV*!*7LWFKDQJHVDUJWROHX7KLV







UHVHDUFK LQ RXU ODERUDWRU\ WR WUDFH WKHZKROH JHQHWLFPDS RI














,QGLDQV KDYH D KLJK SURSHQVLW\ WR GHYHORS &RURQDU\ $UWHU\
'LVHDVH &$' DQG LW KDV EHHQ HVWLPDWHG WKDW  RI WKH
HUGO J (2011) 5:1–346 215
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ZRUOGVµFDUGLDFSRSXODWLRQZLOOEHLQ,QGLDE\WKH\HDU,Q
WKLV FRQWH[W LW LV YHU\ LPSRUWDQW WR HYDOXDWH WKH QHZPDUNHUV
HVSHFLDOO\JHQHWLFYDULDQWVLQWKH,QGLDQSRSXODWLRQZKLFKLVD
KHWHURJHQRXV JURXS *HQRPHZLGH VWXGLHV KDYH LPSOLFDWHG
613V LQ NE UHJLRQ RI FKURPRVRPH S WR EH DVVRFLDWHG




FRQWUROV 6LJQLILFDQWO\ KLJKHU IUHTXHQF\ RI WKH * DOOHOH ZDV
VHHQ LQ FDVHV DV FRPSDUHG WR FRQWUROV  YV  7KH *
DOOHOH VKRZHG DVVRFLDWLRQZLWK ULVNRI&$' 25 
&,37KHDVVRFLDWLRQLVH[SODLQHGE\WKH
UHFHVVLYHPRGHORI LQKHULWDQFH$GGLWLRQRI WKHSDOOHOH WR




FRQFOXVLRQ WKH UV  $* 613 DW WKH S ORFXV LV



















,QWHOOHFWXDO GLVDELOLW\ ,' IRUPHUO\ PHQWDO UHWDUGDWLRQ LV D
OLIHORQJ FRQGLWLRQ FKDUDFWHUL]HG E\ LPSDLUPHQW RI FRJQLWLYH
DQG DGDSWLYH VNLOOV DQG DIIHFWV DERXW  RI WKH JHQHUDO
SRSXODWLRQ *HQHWLF FDXVHV DUH IRXQG LQ DSSUR[LPDWHO\ WZR
WKLUGV RI FDVHV ZLWK NQRZQ HWLRORJ\  1RQV\QGURPLF
LQWHOOHFWXDOGLVDELOLW\16,'LVWKHGLDJQRVLVRI,'LQGLYLGXDOV
ZLWKRXW DGGLWLRQDO SK\VLFDO RU QHXURORJLFDO DEQRUPDOLWLHV
/LQNDJHDQGF\WRJHQHWLFDQDO\VHVKDYHOHGWRWKHLGHQWLILFDWLRQ
RI  ;OLQNHG DQG  DXWRVRPDO UHFHVVLYH JHQHV 3566
&5%1&&'$*5,.786&DQG75$33&DVVRFLDWHG
ZLWK16,'ZKLFKWRJHWKHUDFFRXQWIRUOHVVWKDQRIFDVHV
RI 1605  16,' UHSRUWV DUH VFDUFH LQ WKH OLWHUDWXUH GXH WR
EURDGJHQHWLFKHWHURJHQHLW\DQGVPDOOIDPLO\VL]HVLQ:HVWHUQ
SRSXODWLRQV  5HFHQWO\ ZKROHH[RPH VHTXHQFLQJ FRPELQHG
ZLWKVWHSZLVHILOWHULQJPHWKRGRORJLHVZDVGHPRQVWUDWHGDVDQ
DSSURDFKWRLGHQWLI\WKHJHQHVXQGHUO\LQJ0HQGHOLDQGLVRUGHUV
:H KDYH UHFUXLWHG D FRQVDQJXLQHRXV /HEDQHVH 16,' IDPLO\
ZLWK WKUHH DIIHFWHG VLEOLQJV ZKR KDYH SULRU QRUPDO VWDQGDUG
NDU\RW\SH DQG )UDJLOH; PROHFXODU WHVWLQJ &OLQLFDO KLVWRU\
WKUHHJHQHUDWLRQ SHGLJUHH G\VPRUSKRORJLF DQG QHXURORJLF
H[DPLQDWLRQVZHUHREWDLQHGIURPWKHIDPLO\$IIHFWHGVLEOLQJV
SUHVHQWHGZLWKG\VDUWKULDDFWLRQWUHPRUJDLWGLVWXUEDQFHVDQG
OHDUQLQJ GLIILFXOWLHV :H XVHG 62/,' 9 SODWIRUP $SSOLHG
%LRV\VWHPV IRU ZKROH H[RPH VHTXHQFLQJ WR LGHQWLI\ QRYHO
JHQHVDVVRFLDWHGZLWKWKLVFRQGLWLRQ&DSWXUHSURFHVVKDVEHHQ




JHQHV UHTXLUHG IRU SURFHVVHV WKDW DUH FUXFLDO IRU WKH
GHYHORSPHQW RI LQWHOOHFWXDO DQG FRJQLWLYH IXQFWLRQV ,Q





















&KLOGKRRG DEVHQFH HSLOHSV\ &$( ZKLFK LV D VXEW\SH RI
LGLRSDWKLF JHQHUDOL]HG HSLOHSVLHV ,*(V LV FKDUDFWHUL]HG E\
QRQFRQYXOVLYH HSLOHSWLF VHL]XUHV WKDW KDV W\SLFDO IHDWXUHV RI
EULHI V DQG VXGGHQ ORVV RI FRQVFLRXVQHVV ZLWK D
JHQHUDOL]HG V\QFKURQRXV ELODWHUDO  +] VSLNH DQG VORZ
ZDYH GLVFKDUJH 6:' LQ WKH HOHFWURHQFHSKDORJUDP ((*
7KH ILUVW PXWDWLRQ ZDV LGHQWLILHG LQ WKH *$%5* JHQH WKDW
FRGHVÌñVXEXQLWRI*$%$$UHFHSWRUVLQDIDPLO\ZLWK&$(
DQG IHEULOH VHL]XUHV 6HFRQG PXWDWLRQ ,967­* LQ




QRYHOO $V GHSLFWHG E\ $663 DQG (6(ILQGHU WRROV WKHVH
YDULDWLRQV GR QRW DIIHFW WKH VSOLFLQJ SURFHVV H[FHSW WKH
,967­* YDULDWLRQ WKDW FUHDWHG D FU\WLF VSOLFH VLWH JW
GRQRUVLWHZLWKDKLJKHUVFRUHFRPSDUHGWRWKHZLOGW\SHVLWH
DV FDOFXODWHG E\ $$63 7KH F\USWLF VSOLFH VLWH FDXVHV D
SUHPDWXUH VWRS FRGRQ DW WKH DPLQR DFLG  3UR; WKXV D
WUXQFDWHG SURWHLQ ,WZDV QRW GHWHFWHG LQ  FRQWURO VDPSOHV
DQG LQ RWKHU &$( SDWLHQWV VFUHHQHG LQ WKLV VWXG\ 7KH
V\QRQRPRXV H[RQLF FKDQJH Q7!& DOWHUV DQ (6( VLWH
)XQFWLRQDO VWXGLHV DUH UHTXLUHG WR XQUDYHO WKH HIIHFW RI ERWK
DOWHUDWLRQV,QWHUHVWLQJO\ WKH QRYHO ,967­* WUDQVYHUVLRQ
ZDV LGHQWLILHG LQ IRXU RI WKH &$( SDWLHQWV DQG DOVR LQ WKH
FRQWURO JURXS 7KH QHZ 613 LV SUREDEO\ VSHFLILF WR 7XUNLVK
SRSXODWLRQ WKHUHIRUHZDV VXEPLWWHG WR SXEPHG UV
,QFRQFOXVLRQGHVSLWHWKHDSSDUHQWUROHRI*$%$UHFHSWRUVLQ















7KH SXUSRVH RI RXU UHVHDUFK ZDV WR ILQG JHQHWLF IDFWRUV RI
DXWRLPPXQH DUWKURSDWKLHV 'XULQJ WKLV UHVHDUFK FRPSDUDWLYH
JHQRW\SLQJ RI WZR 5XVVLDQ FRKRUWV ZDV SHUIRUPHG ERWK RI
ZKLFKFRPELQH+/$%SRVLWLYHLQGLYLGXDOV$PRQJDODUJH
QXPEHU RI 0+& JHQHV LW ZDV WKH +/$% ZKLFK ZDV
VWURQJO\ DVVRFLDWHGZLWK DXWRLPPXQH DUWKURSDWKLHV$OVR IHZ
RWKHU FDQGLGDWH JHQHV ZHUH LQYROYHG LQ WKH GHYHORSPHQW RI
SDWKRJHQHVLV $VVRFLDWLRQ ZLWK DQN\ORVLQJ VSRQG\OLWLV $6
ZDVVKRZQIRU VHYHUDOQRQ0+&JHQHV0RVWRI WKRVHJHQHV
WDNH SDUW LQ YDULRXV LPPXQRORJLFDO SURFHVVHV VXFK DV
GLIIHUHQWLDWLRQ DQG DQWLJHQ SUHVHQWDWLRQ ,Q WKLV UHVHDUFK ZH
VWXG\ YDULDELOLW\ RI FDQGLGDWH JHQHV  (5$3 DQG .,5V
HVSHFLDOO\LQ5XVVLDQ&DXFDVLDQSRSXODWLRQ:LWKLQPXOWLJHQH
.,5 ORFXV DVVRFLDWLRQ RI DFWLYDWLQJ .,5'6 DQG LQYHUVH
DVVRFLDWLRQ RI LQKLELWRU\ .,5'/ DOOHOHV RI NLOOHU
LPPXQRJOREXOLQOLNH UHFHSWRU .,5' JHQH ZLWK $6 ZHUH
IRXQGIRUFRKRUWVXQGHUFRPSDULVRQ7REHWWHUXQGHUVWDQGKRZ
.,5'/'6 JHQH GHWHUPLQHV VXVFHSWLELOLW\ WR $6 ZH
DQDO\]HG WKH IUHTXHQFLHV RI DOOHOHV DQG JHQRW\SHV HQFRGLQJ
IXQFWLRQDO .,5'/)DQGQRQIXQFWLRQDO .,5'/
1.UHFHSWRUV$OVRZHDQDO\]HGDQDVVRFLDWLRQRIVHYHUDOPRVW
DVVRFLDWHG ZLWK $6 FRGLQJUHJLRQ 613V LQ WKH (5$3 JHQH
ZLWK WKDW .,5' DOOHOHV :H JHQRW\SHG .,5'6
.,5'/) .,5'/ DOOHOHV DQG  (5$3 613V
UVUVUVUVUVLQ
$6 SDWLHQWV DQG +/$%SRVLWLYH KHDOWK\ FRQWUROV IURP
WKH 5XVVLDQ &DXFDVLDQ SRSXODWLRQ E\ 6633&5 ,W ZDV WKH
.,5'/)DOOHOHIUHTXHQF\DQGQRW.,5'/WKDWZDV
IRXQG WR EH ORZ LQ WKH $6 FRKRUW .,5'/).,5'6
.,5'/).,5'/)JHQRW\SHIUHTXHQFLHVZHUHIRXQGWR
EHKLJKHU YVS 25  DQG ORZHU
 YV  S    25    LQ WKH $6 FRKRUW
UHVSHFWLYHO\ ZKLOH .,5'/).,5'/ JHQRW\SH
IUHTXHQFLHV ZHUH QHDUO\ HTXDOO\ SUHVHQWHG LQ ERWK FRKRUWV
&RQVLGHUDEOHGLIIHUHQFHVLQDOOHOHVIUHTXHQFLHVZLWKLQSDWLHQWV
YV FRQWURO FRKRUW ZHUH VKRZQ IRU  RI  613V XQGHU
LQYHVWLJDWLRQ 8VLQJ WKH (0DOJRUKLWP ZH UHFRQVWUXFWHG 
PDUNHU KDSORW\SHV WKDW GLVWLQJXLVKZLWK KLJK SUREDELOLW\ WZR
FRKRUWV GXH WR GLIIHUHQFHV LQ WKH KDSORW\SHV IUHTXHQFLHV ,Q
VXFK D ZD\ ERWK WKH VHQVLWLYH &&7 KDSORW\SH DQG WKH
SURWHFWLYH 77& RQHV ZHUH SUHGLFWHG  7R YHULI\ WKH
FDOFXODWLRQ ZH GHWHUPLQHG JHQXLQH IUHTXHQFLHV RI PDUNHU
KDSORW\SHV LQ$6 FRKRUW E\ KDSORW\SLQJ RI LQGLYLGXDO F'1$
VDPSOHV $V D UHVXOW SUHVXPDEO\ ULVN &&7 KDSORW\SHV RI
(5$3JHQHZDVGHWHFWHG LQRIH[DPLQHG$6SDWLHQWV
JHQRPHV $OWKRXJK QR FRUUHODWLRQ RI (5$3 613V DQG
.,5' DOOHOHV FDUULDJH ZDV GHWHFWHG ZH GLVFRYHU FHUWDLQ
DOOHOLF IRUPVRIERWKJHQHV WKDWDUHVLJQLILFDQWJHQHWLF IDFWRUV
IRU $6 LQ 5XVVLDQ SRSXODWLRQ :H IRUHFDVWHG (5$3 ULVN
KDSORW\SH &&7 UV DQG
GHPRQVWUDWHG WKDW LWV IUHTXHQF\ GHWHFWHG ZLWKLQ $6 FRKRUW
UHDFKHV  $OVR RXU UHVXOW VXJJHVW VLJQLILFDQW UROH RI














:H UHSRUW RQ D \HDUROG IHPDOH SDWLHQW SUHVHQWLQJ ZLWK
PXVFOHZHDNQHVV IDFLDO G\VPRUSKLVP DYHUDJHPHQWDOLW\ ,4
LV  6KH KDG ORZ ELUWK ZHLJKW GHYHORSPHQWDO GHOD\
K\SRWRQLD DQG K\SRUHIOH[LD DQG GLIILFXOWLHV LQ FOLPELQJ WKH
VWDLUV (0* UHYHDOHG D[RQDO SRO\QHXURSDWK\ DIIHFWLQJ ERWK
XSSHU DQG ORZHU OLPEV 7KH F\WRJHQHWLF ILQGLQJV E\ *7*
EDQGLQJ DQG IOXRUHVFHQFH LQ VLWX K\EULGL]DWLRQ UHYHDOHG
;;WTT 6KH ZDV WKH FKLOG RI QRQ
FRQVDQJXLQHRXV SDUHQWV WKH PRWKHU
V NDU\RW\SH ZDV QRUPDO
;; ZKLOH WKH IDWKHUµV NDU\RW\SH ZDV WKH VDPH DV KLV
GDXJKWHU;<WTTKHU VLVWHUµVNDU\RW\SHZDV
DOVR ;;W  TT )OXRUHVFHQFH LQ VLWX
K\EULGL]DWLRQ),6+ZDVXVHGWRHOXFLGDWHWKHEUHDNSRLQWVDQG
$UUD\&*+ZDVGRQH IRU WKHSDWLHQW WRFRQILUP WKHEDODQFHG
WUDQVORFDWLRQ7KLVFDVH LVFRPSDUHGZLWKSUHYLRXVO\ UHSRUWHG
SDWLHQWV ZLWK VLPLODU WUDQVORFDWLRQV 7KLV REVHUYDWLRQ LV RI
LQWHUHVWIRULWVKRZVWKHLPSRUWDQFHRIPROHFXODUF\WRJHQHWLFV
LQ WKH VWXG\ RI EDODQFHG WUDQVORFDWLRQ ZLWK DEQRUPDO
SKHQRW\SH 'HWDLOHG FRUUHODWLRQV EHWZHHQ FKURPRVRPH

















UHSRUWHG LQ WKH OLWHUDWXUH WR KDYH PXWDWLRQV LQ WKH OHSWLQ
UHFHSWRUJHQH7KHFOLQLFDOIHDWXUHVLQFOXGHVHYHUHHDUO\RQVHW
REHVLW\VHYHUHK\SHUSKDJLDK\SRJRQDGRWURSLFK\SRJRQDGLVP
7 FHOO DQG QHXURHQGRFULQHPHWDEROLF G\VIXQFWLRQ +HUH ZH
UHSRUW WZR FRXVLQV ZLWK VHYHUH HDUO\ RQVHW REHVLW\ DQG
UHFXUUHQWUHVSLUDWRU\WUDFWLQIHFWLRQV7KHLUVHUXPOHSWLQOHYHOV
ZHUHHOHYDWHGEXWWKH\ZHUHZLWKLQWKHUDQJHSUHGLFWHGE\WKH
HOHYDWHG IDW PDVV LQ ERWK VLEOLQJV 'LUHFW VHTXHQFLQJ RI WKH
HQWLUHFRGLQJVHTXHQFHRIOHSWLQUHFHSWRUJHQHUHYHDOHGDQRYHO
KRPR]\JRXV PLVVHQVH PXWDWLRQ LQ H[RQ  37 7KH
PXWDWLRQZDV IRXQG LQ WKHKRPR]\JRXV IRUP LQERWK FRXVLQV
DQG LQ WKH KHWHUR]\JRWH VWDWH LQ WKHLU SDUHQWV 7KLV PXWDWLRQ
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ZDVQRWIRXQGLQFKURPRVRPHVIURPXQUHODWHGQRUPDO
ZHLJKW FRQWURO VXEMHFWV RI (J\SWLDQ RULJLQ XVLQJ 3&55)/3
DQDO\VLV,QFRQFOXVLRQILQGLQJWKLVQHZPXWDWLRQLQWKH/(35
EHVLGH RXU SUHYLRXV PXWDWLRQ LQ WKH /(3 JHQH LPSOLHV WKDW
PRQRJHQLF REHVLW\ V\QGURPHV PD\ EH FRPPRQ LQ (J\SWLDQ



















&RQIOLFWLQJ UHVXOWV KDYH DULVHQ DPRQJ GLIIHUHQW HWKQLF
SRSXODWLRQVZLWKUHJDUGWRWKHDELOLW\RIWXPRUQHFURVLVIDFWRU
71) WR FRQWURO WKH GHYHORSPHQW RI SV\FKLDWULF GLVRUGHUV
6FKL]RSKUHQLD6&=20,0LVDFKURQLFSV\FKLDWULF
GLVRUGHU PDUNHG E\ SV\FKRWLF V\PSWRPV DOWHUDWLRQV RI
WKRXJKW DIIHFW YROLWLRQ DQG EHKDYLRU &RQVDQJXLQLW\ PLJKW
UHSUHVHQW D ULVN IDFWRU IRU SV\FKRVHV LQ VRPH0LGGOH(DVWHUQ
FRXQWULHV 7KLV XQUHHOHG VWXG\ZDV XQGHUWDNHQ WR LQYHVWLJDWH
WKH SRVVLEOH UROH RI WKH 71)ȕ $!* SRO\PRUSKLVP IRU
VXVFHSWLELOLW\ WR VFKL]RSKUHQLD 6L[W\ (J\SWLDQ SDWLHQWV ZLWK
6&= DFFRUGLQJ WR '609 FULWHULD
KWWSZZZSV\FKRUJ0DLQ0HQX5HVHDUFK'60,9'609D
VS['LDJQRVWLFDQG6WDWLVWLFDO0DQXDORI0HQWDO'LVRUGHUVRQ
WKH EDVLV RI FOLQLFDO LQWHUYLHZV FOLQLFDO H[DPLQDWLRQ DQG
IDPLO\ KLVWRU\ DQG  KHDOWK\ FRQWUROV ZHUH VHOHFWHG IURP
GDWDEDVH UHFRUGV RI ,QVWLWXWH RI 3V\FKLDWU\ )DFXOW\ RI
0HGLFLQH $LQ 6KDPV 8QLYHUVLW\ &DLUR *HQRW\SLQJ DOO
LQGLYLGXDOV ZDV SHUIRUPHG XVLQJ SRO\PHUDVH FKDLQ UHDFWLRQ
3&5 DQG HQ]\PDWLF DVVD\ 7KH PHDQ DJH  VWDQGDUG
GHYLDWLRQ ZDV    \HDUV &RQVDQJXLQLW\ UDWHV DUH
VLJQLILFDQWO\ HOHYDWHG DPRQJ (J\SWLDQ 6&= SDWLHQWV 6&=
 FRQWUROV  SYDOXH  )DPLO\ KLVWRU\ RI
6&=ZLWKWK\URLGGLVRUGHUVVLJQLILFDQWO\PRUHIUHTXHQWDPRQJ
FDVHVZLWK6&=S*HQRW\SHVDQGDOOHOHGLVWULEXWLRQVRI
WKH 71)ȕ SRO\PRUSKLVP LQ SDWLHQWV ZLWK 6&= ZHUH
VLJQLILFDQWO\GLIIHUHQWIURPWKRVHRIWKHFRQWUROV6XEMHFWVZLWK
WKH * DOOHOH KDG DQ LQFUHDVHG ULVN IRU VFKL]RSKUHQLD
 S   2GGV 5DWLR    &,  
6LPLODUO\ 7KH ** JHQRW\RH ZDV WKH PRVW IUHTXHQW DPRQJ





















)DEU\ 'LVHDVH )' LV DQ LQKHULWHG GLVRUGHU FDXVHG E\
GHILFLHQF\ RI ĮJDODFWRVLGDVH $ ZLWK DFFXPXODWLRQ RI
JORERWULDFLOFHUDPLGH&RUQHD YHUWLFLOODWD DQG YHVVHO WRUWXRVLW\
FDQ RFFXU LQ DQ HDUO\ VWDJH RI WKH )' DIIHFWLQJ DOPRVW DOO
KHPL]\JRXV+0*PHQDQGPRUHWKDQRIKHWHUR]\JRXV
+7* ZRPHQ 2FXODU LQYROYHPHQW FDQ OHDG WR DQ HDUO\
GLDJQRVLVPDNLQJ WKH UROHRIDQRSKWKDOPRORJLVW LPSRUWDQW LQ
WKHVWXG\DQGGHWHFWLRQRIWKLVGLVHDVH,Q0H[LFRWKHUHDUHQR
SUHYLRXV UHSRUWV WKDW GHVFULEH WKHVH ILQGLQJV LQ SDWLHQWV ZLWK
)'  $LP 'HVFULEH H\H DEQRUPDOLWLHV LQ )' SDWLHQWV LQ
0H[LFR:HGHVFULEHGRQDFURVVVHFWLRQDOVWXG\SDWLHQWVZLWK
)' RI ERWK VH[HV ZLWK FOLQLFDO YDULDEOHV RI )' VXFK DV DJH









YHUWLFLOODWD LQ  SDWLHQWV FRQMXQWLYDO YHVVHO WRUWXRVLW\ LQ 
SDWLHQWV FDWDUDFW RQO\ LQ  +0* H\H LQ SRVWHULRU VHJPHQW
ZHUHUHWLQDOYHVVHOWRUWXRVLW\LQSDWLHQWVDQGFKDQJHVLQWKH
UHWLQDO SLJPHQW HSLWKHOLXP LQ  +7* SDWLHQW 1RQH RI WKH
SDWLHQWV KDG KLVWRU\ RI FRQFRPLWDQW PHGLFDWLRQ WKDW FDXVHG
FRUQHD YHUWLFLOODWD  7KLV UHSRUW LV WKH ILUVW LQ 0H[LFR DERXW
RSKWKDOPRORJLFDO ILQGLQJV RQ )' SDWLHQWV DQG ,W VKRZV WKH
SUHVHQFH RI RFXODU IHDWXUHV WKDW FDQ EH GHWHFWHG ZLWK D QRQ
LQYDVLYHPHWKRG DW D URXWLQHPHGLFDO FRQVXOWDWLRQE\JHQHUDO
RSKWKDOPRORJLVWV OHDGLQJ WR DQ HDUO\ GLDJQRVLV DQG WUHDWPHQW













7KH %UHDVW &DQFHU $QWLHVWURJHQ UHVLVWDQFH %5&$
ORFDWHG DW FKU T LV RQH RI WKH WXPRU VXSSUHVVRU JHQHV
DQG SOD\V DQ LPSRUWDQW UROH LQ UHSDLULQJ '1$ GDPDJH
$EQRUPDO %5&$ JHQH SURGXFH XQIXQFWLRQDO SURWHLQ FDQ
OHDGV WR EUHDVW FDQFHU 8VLQJ RI WKH VLQJOH QXFOHRWLGH
218 HUGO J (2011) 5:1–346
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SRO\PRUSKLVP 613 GHWHFWLRQ WHFKQRORJLHV WDNH D SODFH
UHFHQWO\ LQ UHVHDUFK  8VLQJ RI IOXRUHVFHQWO\ ODEHOHG
ROLJRQXFOHRWLGH SUREHV WR GHWHFW 613V LQ WDUJHWHG QXFOHLF
DFLGVHTXHQFHVKDVEHHQUDLVHG:HUHSRUWWKHILUVWXVHRI&\
&\DQLQHG\HV DQG7$05$UKRGDPLQHG\HVXQLSUREHV WR
GHWHFW WKH ZLOG W\SH DQGPXWDQW 613V RI WKH %5&$ EUHDVW
FDQFHU JHQH 7KH IOXRUHVFHQFH FKDQJHV DFFRUGLQJ WR WKH
K\EULGL]DWLRQ RI WKH SUREHV WR WKH FRPSOHPHQWDU\ WDUJHW
QXFOHLFDFLGZDVJDYHGLIIHUHQFHVZKLFKKHOSWRGLIIHUHQWLDWH
EHWZHHQ WKH ZLOG WDUJHW DQG WKH PXWDWHG 7KH V\QWKHWLF
ROLJRQXFOHRWLGHV DQG JHQRPLF '1$ H[WUDFWHG IURP EORRG
VDPSOHV ZHUH WHVWHG DV WDUJHW VHTXHQFHV  7KH IOXRUHVFHQFH
HPLVVLRQ VSHFWUD IOXRUHVFHQFH DQLVRWURS\ YDOXHV DQG '1$
PHOWLQJ FXUYHV VKRZHG VLJQLILFDQW GLIIHUHQFHV WKDW KHOS WR
GLIIHUHQWLDWH EHWZHHQ ZLOG DQG PXWDWHG 613V WDUJHWV 7KH















,Q WKH 7XQLVLDQ SRSXODWLRQ D OLPLWHG QXPEHU RI %5&$
JHUP OLQH PXWDWLRQV W\SHV KDYH EHHQ GHWHFWHG LQ KHUHGLWDU\
EUHDVW DQG RYDULDQ FDQFHU 7KHVH PXWDWLRQV DUH SRRUO\
GHVFULEHGLQZHVWHUQGDWDEDVHVDQG LWKDVEHHQVXJJHVWHG WKDW
WKHVHPXWDWLRQVFRXOGEHVSHFLILFIRUWKH7XQLVLDQSRSXODWLRQ
ZLWK HWKQLFDOO\ DQG JHRJUDSKLFDO RULJLQ ,Q WKH SUHVHQW ZRUN
ZH KDYH ORRNHG IRU WKHVH IRXQGHU PXWDWLRQV LQ  7XQLVLDQ
EUHDVWDQGRURYDULDQFDQFHUSDWLHQWVPRVWRIWKHPEHORQJLQJ
WR EUHDVW DQGRU RYDULDQ FDQFHU IDPLOLHV %ORRG VSHFLPHQV
IURPWKH7XQLVLDQSDWLHQWVZHUHFROOHFWHGDWWKH6DODK$]DL]
&DQFHU ,QVWLWXWH RI 7XQLV )RXU EHORQJV WR RYDULDQ FDQFHU
VSHFLILF IDPLOLHV  WR EUHDVW VSHFLILF IDPLOLHV DQG  WR
RYDULDQ EUHDVW IDPLOLHV ([RQV  +,  DQG /0
DQGRI%5&$DQGH[RQVDQG
RI%5&$ZHUHVHTXHQFHG$SSOLHG,QRXU
VHULHV    SDWLHQWV KDG GHOHWHULRXV PXWDWLRQV LQ
%5&$ RU %5&$ JHQHV )RXU SDWLHQWV KDG D %5&$
PXWDWLRQZLWKLQV7 VWRS +*96 FGXS7
S&\V OHXIV;  ZLWK LQV& VWRS  +*96 
FGXS&  S*OQ 3URIV;  DQG  ZLWK GHO$*
VWRS   +*96  FGHO$* S*O\ $VQIV; 
,QWHUHVWLQJO\  SDWLHQWV KDG WKH VDPH %5&$ PXWDWLRQV
GHO$$*$ VWRS  +*96 FBGHO$$*$
S/\V,,HIV; )RXU XQFODVVLILHG YDULDQWV ZHUH DOVR
GHWHFWHGLQRXUVHULHV,QWKLVOLPLWHG7XQLVLDQSRSXODWLRQDQG
VWXG\LQJ SDUW RI %5&$ RU %5&$ JHQHVZH IRXQG D KLJK
IUHTXHQF\RIPXWDWLRQV ZHFRQILUPHG WKHSUHVHQFHRI


























 E\ +DUU\ ) .OLQHIHOWHU DQG DVVRFLDWHG WR DQ H[WUD ;
FKURPRVRPH E\ -DFREV DQG 6WURQJ LQ  'LDJQRVLV LQ
SHGLDWULFDJHLVGLIILFXOWXQOHVVKLSRJRQDGLVPLVSUHVHQW2QO\
RI.6SDWLHQWVDUHGLDJQRVHGEHIRUHSXEHUW\:HGHVFULEH
WKH SKHQRW\SLF FKDUDFWHULVWLFV RI WZR SHGLDWULF SDWLHQWV ZLWK
F\WRJHQHWLF GLDJQRVLV RI .6 PRVDLFLVP :H SUHVHQW WZR
XQUHODWHG.6FDVHVLQDQG\HDUROGPDOHV3URSRVLWXV
\HDUVROGPDOHSURGXFW RI VHFRQGSUHJQDQF\ IXOOWHUP IURP
QRQFRQVDQJXLQHRXVSDUHQWV$QWKURSRPHWU\ZHLJKWJ




SDUHQWV $QWKURSRPHWU\ ZHLJKW  J  SHUFHQWLOH
KHLJKWFPSHUFHQWLOHFHSKDOLFSHULPHWHUFP
SHUFHQWLOH&KURPRVRPHFRPSOHPHQW;;;;<
;;<  &RPPRQ FKDUDFWHULVWLFV 'ROLFKRFHSKDO\
VWUDLJKWWKLFN KDLU SURPLQHQW IURQWDO UHJLRQ LQYHUWHG 9
H\HEURZV VODQWLQJ SDOSHEUDO ILVVXUHV K\SRSODVWLF QDVDO WLS
EURDG QRVH ORQJ SKLOWUXP KLJK SDODWH ODUJH HDUV ZHEEHG
QHFN ORZ LPSODQWDWLRQ RI KDLU WHOHWHOLD PLOG PHQWDO
UHWDUGDWLRQDQG ODQJXDJHGLVRUGHUV RI WRWDO.6DUH
PRVDLFV SHGLDWULF GLDJQRVLV LV UDUH GXH WR WKH ODFN RI
V\PSWRPVDQGVLJQV7KHYDULDEOHSKHQRW\SHVREVHUYHGLQ.6
PRVDLFV GHSHQG RQ WKH QXPEHU RI DEQRUPDO FHOOV DQG WKHLU
GLVWULEXWLRQ4XUHVKL DQG 7KXUDLUDMDQ UHSRUWHG D ;;;;<
ZLWK KLJK P\RSLD DQG +DWD HW FROV ZLWK VLJQLILFDQW GHQWDO


















&RURQDU\ DUWHU\'LVHDVH &$' LV DUJXDEO\ WKH ODUJHVW FDXVH
RIPRUWDOLW\DQGPRUELGLW\ZRUOGZLGH7KHLQFLGHQFHRI&$'
LV LQFUHDVLQJ DW DQ DODUPLQJ UDWH HVSHFLDOO\ LQ GHYHORSLQJ
FRXQWULHVOLNH,QGLDZHUH&$'WHQGVWRRFFXUDWDPXFKHDUOLHU
DJH /LNH DQ\ RWKHU FRPSOH[ GLVRUGHU JHQHV HQYLURQPHQW
LQFOXGLQJ GLHW DQG WKHLU LQWHUDFWLRQ SOD\ FULWLFDO UROH LQ WKH
PDQLIHVWDWLRQRI&$',QWHUPVRIGLHW,QGLDLVXQLTXHVLQFHD
ODUJH SURSRUWLRQ RI ,QGLDQV DGKHUHV WR D VWULFW YHJHWDULDQ GLHW





IRFXVLQJRQ WKH&$'RU LWVULVN IDFWRUV7KXV WKHDLPRIRXU
VWXG\ ZDV WR LGHQWLI\ WKH 613V WKDW FRXOG EH SRWHQWLDOO\
DVVRFLDWHG ZLWK &$' DQGRU LWV ULVN IDFWRUV LQ ,QGLDQ
SRSXODWLRQ $OO WKH &$' FDVHV DQG FRQWUROV ZHUH HLWKHU
FROOHFWHG IURP WKH$OO ,QGLD ,QVWLWXWH RI0HGLFDO 6FLHQFHV RU
IURPGLIIHUHQWSDUWVRI1RUWK,QGLD7KHVWXG\ZDVSHUIRUPHG
DIWHU REWDLQLQJ QHFHVVDU\ HWKLFDO FOHDUDQFH %LRFKHPLFDO
SDUDPHWHUV OLNH YLWDPLQ % IRODWH KRPRF\VWHLQH KROR
WUDQVFREDODPLQOLSLGSURILOHDQGRWKHUVZHUHPHDVXUHGXVLQJ
VWDQGDUG WHFKQLTXHV )RU WKH*:$6ZH XVHG ,OOXPLQD2PQL
H[SUHVV FKLS FRQWDLQLQJ  613V DQG JHQRW\SHG 
LQGLYLGXDOV  DQJLRJUDSKLFDOO\ SURYHQ &$' DQG 
FRQWUROVEHORQJLQJWR,QGR(XURSHDQOLQJXLVWLFJURXS3/,1.
VRIWZDUH Y  ZDV XVHG IRU VWDWLVWLFDO DQDO\VLV 'XULQJ
TXDOLW\FRQWURODQDO\VLVZHIRXQG613VGLGQRWSDVVWKH
613TXDOLW\ FRQWURO ILOWHU )XUWKHU 613VZHUH UHPRYHG
IRU QRW IROORZLQJ WKH +DUG\ :HLQEHUJ HTXLOLEULXP $ERXW
613VZHUHIRXQGWRKDYH0LQRU$OOHOH)UHTXHQF\
DQGKHQFHZHUHUHPRYHGIURPWKHILUVWDQDO\VLV7KHUHPDLQLQJ
613VZHUHXVHG IRU FDVHFRQWURO DVVRFLDWLRQ DQDO\VLV
ZLWK TXDQWLWDWLYH WUDLWV 3UHOLPLQDU\ DQDO\VLV UHYHDOHG D IHZ
613V WR EH VLJQLILFDQWO\ DVVRFLDWHG ZLWK &$' ZLWK RQH LQ
FKURPRVRPHEHLQJWKHPRVWVLJQLILFDQW7RWKHEHVWRIRXU
NQRZOHGJH WKLV LV D QRYHO ILQGLQJ 7KH SRVVLEOH ELRORJLFDO
XQGHUSLQQLQJ RI WKH 613 WKRXJK UHPDLQV HQLJPDWLF 2Q
SHUIRUPLQJ TXDQWLWDWLYH WUDLW DQDO\VLV ZLWK WKH FRQWURO
SRSXODWLRQZHIRXQG613V WREHDVVRFLDWHGZLWKELRFKHPLFDO
SDUDPHWHUV VRPH RI ZKLFK UHPDLQHG VLJQLILFDQW HYHQ DIWHU
PXOWLSOH FRUUHFWLRQ XVLQJ %RQIHUURQL FRUUHFWLRQ DQG )DOVH
'LVFRYHU\ 5DWH )'5 DGMXVWPHQW 6RPH 613V ZHUH IRXQG
VLJQLILFDQWO\ DVVRFLDWHG ZLWK &$' DQG RWKHU ELRFKHPLFDO
SDUDPHWHUV LQ1RUWK ,QGLDQ SRSXODWLRQ:KLOH D IHZRI WKHVH
KDYHEHHQSUHYLRXVO\ LPSOLFDWHG LQ&$'PDQ\DUHQRYHO ,Q





















*HQRPHZLGH *: KRPR]\JRVLW\ PDSSLQJ +0 LV D
SRZHUIXOPHWKRGWRORFDWHUDUHUHFHVVLYH0HQGHOLDQPXWDWLRQV
+RZHYHU VWDWLVWLFDO SRZHU GHFUHDVHV GUDPDWLFDOO\ LQ WKH
SUHVHQFH RI JHQHWLF KHWHURJHQHLW\ :H DSSOLHG DQ HPSLULFDO
DSSURDFK WR WHVW IRU OLQNDJH DFFRXQWLQJ IRU JHQHWLF
KHWHURJHQHLW\ E\ FDOFXODWLQJ WKH VXP RI SRVLWLYH SHUIDPLO\
PXOWLSRLQW/2'VFRUHV 6DFURVVDOOSRVLWLRQVDQGREWDLQLQJ







RI SHDN OLQNDJH UHJLRQV ZDV PDUNHGO\ KLJKHU IRU WUXH ORFL
FRPSDUHGWRIDOVHSRVLWLYHUHJLRQV7KH6(PS3DSSURDFKZDV























3HUPDQHQW QHRQDWDO GLDEHWHV PHOOLWXV 31'0 LQ WKH
&DXFDVLDQSRSXODWLRQKDVDQ LQFLGHQFHRIDERXW LQ
OLYHELUWKVDQGLVPRVWFRPPRQO\GXHWRPXWDWLRQVLQ.&1-
DQG$%&&7KH LQFLGHQFH JHQHWLF HWLRORJ\ DQG SKHQRW\SLF
IHDWXUHV LQ QRQ &DXFDVLDQ SRSXODWLRQV DUH QRW ZHOO GHILQHG
$LPV7KHDLPRI WKLV VWXG\ZDV WRGHILQH WKH LQFLGHQFH DQG
WKHJHQHWLFHWLRORJ\RI31'0LQ$O0DGLQDKUHJLRQRI6DXGL
$UDELD 3DWLHQWV ZLWK 31'0 GLDJQRVHG EHWZHHQ  DQG
 IURP WKH ZKROH UHJLRQ ZHUH LGHQWLILHG DQG FOLQLFDOO\
SKHQRW\SHG 6HTXHQFLQJ RI .&1- $%&& DQG ,16 ZHUH
GRQHLQLWLDOO\RQDOOVXEMHFWVDQG(,)$.*/,66/&$
6/&$*&.,3)DQG1(852'JHQHVZHUHVHTXHQFHG
DFFRUGLQJ WR WKH FOLQLFDO SKHQRW\SH 6HYHQWHHQ 3DWLHQWV IURP
 FRQVDQJXLQHRXV IDPLOLHVZHUHGLDJQRVHGZLWK31'0DQG
WKH LQFLGHQFH ZDV  LQ  OLYH ELUWKV 6L[ GLIIHUHQW
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PXWDWLRQVLQJHQHVZHUHLGHQWLILHGLQSDWLHQWV2I
WKHVH  ZHUH QRYHO DQG QR SDWLHQW KDG .&1- ,16 RU
$%&& PXWDWLRQV 7KHVH FKLOGUHQ KDG 31'0 DV SDUW RI
NQRZQ DXWRVRPDO UHFHVVLYH V\QGURPHV LQFOXGLQJ :ROFRWW
5DOOLVRQ  QHRQDWDO GLDEHWHV DQG K\SRWK\URLGLVP
 WKLDPLQH UHVSRQVLYH PHJDOREODVWLF DQHPLD 
DQG )DQFRQL%LFNHO V\QGURPH  7ZR SDWLHQWV ZLWK
LVRODWHG 31'0 DQG RQH ZLWK L'(1' LQWHUPHGLDWH























0XWDWLRQV LQ WKH.&1-DQG$%&&JHQHV WKDW HQFRGH WKH
SDQFUHDWLF .$73 FKDQQHO DUH WKH FRPPRQHVW FDXVH RI
SHUPDQHQWQHRQDWDOGLDEHWHV31'LQ&DXFDVLDQSRSXODWLRQV
0RVWRI WKHVHSDWLHQWVDFKLHYH LPSURYHGJO\FHPLFFRQWURORQ
RUDO VXOIRQ\OXUHDV +RZHYHU UHFHQW GDWD VXJJHVWHG DQ HWKQLF
YDULDWLRQ LQ WKH JHQHWLF HWLRORJ\ RI WKLV FRQGLWLRQ $LP 7R
GHILQHWKHJHQHWLFFDXVHVRI31'LQ$UDESDWLHQWVDQGFRPSDUH
ZLWK D %ULWLVK FRKRUW WHVWHG LQ WKH VDPH ODERUDWRU\ 3DWLHQWV
ZLWK31'RI$UDERULJLQZHUHLGHQWLILHGIURPWKHGDWDEDVHRI
WKH([HWHU3HQLQVXOD0ROHFXODU*HQHWLFV/DERUDWRU\8.DQG
ZHUH HWLRORJLFDOO\ FODVVLILHG $ FRPSDULVRQ LQ WKH JHQRW\SH
DQG SKHQRW\SH EHWZHHQ $UDE DQG %ULWLVK FRKRUWV ZLWK 31'
ZKRZHUHUHIHUUHGWR WKHVDPHFHQWUHDURXQGWKHVDPHSHULRG
ZDVPDGH6HYHQW\RQH$UDESUREDQGVIURPFRXQWULHVZHUH
UHIHUUHG EHWZHHQ \HDUV  7KHPDOH WR IHPDOH UDWLR
ZDV  DQG WKH PHGLDQ DJH RI GLDEHWHV SUHVHQWDWLRQ ZDV 
ZHHNVUDQJH *HQHWLFFDXVHV IRU31'ZHUH LGHQWLILHG
LQ RI WKHVH SDWLHQWV5HFHVVLYHPXWDWLRQV LQ(,).$
JHQHZHUHWKHFRPPRQHVWFDXVHRI31'LQWKLVFRKRUW
IROORZHG E\ ,16  7KH IUHTXHQF\ RI RWKHU JHQH
PXWDWLRQV ZHUH DV IROORZV .&1-  $%&& 
*&.  )2;3  37)$ */,6 6/&$
 HDFK DQG 6/&$  &RPSDUHG WR WKH %ULWLVK
FRKRUW WKH PDMRULW\ RI $UDE FKLOGUHQ ZHUH WKH SURGXFW RI
FRQVDQJXLQHRXV PDUULDJH WKHLU 31' KDG GLIIHUHQW JHQHWLF
FDXVHVDQGSUHVHQWHGDVSDUWRIUDUHJHQHWLFV\QGURPHVUDWKHU
WKDQ LQ LVRODWLRQ ,Q $UDE SRSXODWLRQ 31' KDV YDULDEOH DQG
GLIIHUHQW HWLRORJ\ FRPSDUHG WR &DXFDVLDQ WKHUHIRUH FDUHIXO
DVVHVVPHQW WR GHWHFW H[WUDSDQFUHDWLF IHDWXUHV LV LPSRUWDQW WR
JXLGH WKHJHQHWLF WHVWLQJ$OWKRXJKPXWDWLRQV LQ WKH.&1-
DQG $%&& JHQHV DUH QRW WKH FRPPRQHVW FDXVH RI 31' LQ















7KH FKRLFH RI VSRXVH KDV GLUHFW FRQVHTXHQFHV RQ WKH
GLVWULEXWLRQVWUXFWXUHDQGKHWHURJHQHLW\RIDSRSXODWLRQ
VJHQH
KHULWDJH7KHDLPRI WKLVVWXG\LV WRGHVFULEH WKHPDWHFKRLFH
SDWWHUQIRFXVLQJRQWKHJHRJUDSKLFDOHQGRJDP\LQ5DEDWFLW\
QRUWKZHVW RI 0RURFFR LQ RUGHU WR DVVHVV WKH OHYHO RI
UHSURGXFWLYHLVRODWLRQRURSHQQHVVRIWKHFRPPXQLW\VWXGLHG






FRXSOHV 7KH UHVXOWV VKRZ D VWURQJ WHQGHQF\ WRZDUGV
JHRJUDSKLFDO HQGRJDP\ RI QXSWLDOLW\ 7KLV WHQGHQF\ LV
LPSRUWDQW DPRQJ FRXSOHV ZLWKLQ SDUHQWDO JHQHUDWLRQ 7KH
UHVXOWVRILQWHUJHQHUDWLRQDOFRPSDULVRQVFDQEHFRQFOXGHGWRD
VLJQLILFDQW GHFUHDVH RI HQGRJDP\ UDWHV IURP SDUHQWDO
JHQHUDWLRQ WR FXUUHQW JHQHUDWLRQ S 7KH KRPRJDP\
LQGH[ PHWKRG FRQILUPV WKLV GHFUHDVH +RZHYHU WKH YDOXHV














LQ KXPDQ SRSXODWLRQV H[KLELWLQJ JHRJUDSKLFDO IUHTXHQF\
YDULDWLRQV(YROXWLRQDU\ H[SODQDWLRQVKDYHEHHQSURSRVHG IRU
WKHSHUVLVWHQFHRIWKHKDQGHGQHVVSRO\PRUSKLVP6RXWKSDZLV
WKH UDUH KDQG SUHIHUHQFH DQG DPELGH[WHULW\ LV VWLOOPRUH UDUH
SUHIHUHQFHFRXOGUHSUHVHQWDQLPSRUWDQWVWUDWHJLFDGYDQWDJHLQ
KHUHGLW\+RZHYHU WKH IDFW WKDW6RXWKSDZDQG DPELGH[WHULW\
RFFXUV DW D KLJKHU DQG ORZ IUHTXHQF\ UHVSHFWLYHO\ LQGLFDWHV
WKDW VRPH HYROXWLRQDU\ FRVWV FRXOG EH DVVRFLDWHG ZLWK WKHVH
WZR WUDLWV 2YHUDOO WKH HYROXWLRQDU\ G\QDPLFV RI WKLV
SRO\PRUSKLVP DUH QRW IXOO\ XQGHUVWRRG +HUH ZH SRLQW RXW
WKDW KDQG SUHIHUHQFH LV KHULWDEOH DQG UHSRUW KRZ KDQG
SUHIHUHQFHLVLQIOXHQFHGE\JHQHWLFIDFWRUV7KXVSHUVSHFWLYHV
RQ WKH SHUVLVWHQFH RI WKLV SRO\PRUSKLVP LQ KXPDQV DUH
JDWKHUHG KLJKOLJKWLQJ WKH QHFHVVLW\ IRU DQ DVVHVVPHQW RI OHIW
KDQGHU DQG DPELGH[WHULW\ RQ JHQHWLF EDVLV DQG DOVR
FRQVHTXHQFH RI VRFLRFXOWXUDO SUHVVXUHV 7KXV WKH SUHVHQW
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VWXG\LPSOLHVWKDWOHIWKDQGHGLVPDWHUQDODQGDPELGH[WHULW\LV























:H SHUIRUPHG D JHQRPHZLGH VFDQ LQ D KRPRJHQHRXV $UDE
SRSXODWLRQ WR LGHQWLI\ JHQRPLF UHJLRQV OLQNHG WR EORRG
SUHVVXUH %3 DQG LWV LQWHUPHGLDWH SKHQRW\SHV GXULQJPHQWDO
DQG SK\VLFDO VWUHVV WHVWV 7KH 2PDQ )DPLO\ 6WXG\ VXEMHFWV
1 ZHUH UHFUXLWHG IURP ILYH H[WHQGHG IDPLOLHV RI a
JHQHUDWLRQV+DHPRG\QDPLFSKHQRW\SHVZHUHFRPSXWHGIURP
EHDWWREHDW %3 HOHFWURFDUGLRJUDSK\ DQG LPSHGDQFH
FDUGLRJUDSK\ XVLQJ WKH 7DVN )RUFH0RQLWRU 7)0 $XVWULD
+LJK +) DQG ORZ /) IUHTXHQF\ EDQGV RI DXWRQRPLF
SDUDPHWHUV ZHUH GHGXFHG XVLQJ VSHFWUDO DQDO\VLV RI 55
LQWHUYDOV $PEXODWRU\ EORRG SUHVVXUH ZDV PHDVXUHG XVLQJ D
YDOLGDWHGPRQLWRU6FKLOOHU%50XOWLSRLQWOLQNDJHZDV
SHUIRUPHG IRU UHVWLQJPHQWDO ZRUG FRQIOLFW WHVW:&7 DQG
FROG SUHVVXUH &37 VWUHVV DQG WKHLU UHDFWLYLW\ VFRUHV kÖ
XVLQJ YDULDQFH FRPSRQHQWV GHFRPSRVLWLRQEDVHG PHWKRGV
LPSOHPHQWHG LQ 62/$5 *HQRPHZLGH VFDQV IRU %3
SKHQRW\SHV LGHQWLILHG TXDQWLWDWLYH WUDLW ORFL 47/V ZLWK
VLJQLILFDQWHYLGHQFHRI OLQNDJHRQFKURPRVRPHV DQG
IRU :&7OLQNHG FDUGLDF RXWSXW &2 /2'  KHDUW UDWH
+5 /2'   V\VWROLF DQG PHDQ %3 /2'  DQG 
UHVSHFWLYHO\ (YLGHQFH IRU VXJJHVWLYH OLQNDJH IRU :&7 ZDV
IRXQGRQFKURPRVRPHVDQGIRUOHIWYHQWULFXODUHMHFWLRQ
WLPH /9(7 /2'  IRU +5 /2'  GLDVWROLF %3
/2'  UHVSHFWLYHO\ &37 VLJQLILFDQW OLQNDJH ZDV
GHWHFWHGIRU/HIWYHQWULFXODUZRUNLQGH[DQGV\PSDWKHWLF/)LQ
WKH VDPH UHJLRQRI&KU /2' DQG UHVSHFWLYHO\
&37VXJJHVWLYHOLQNDJHZDVIRXQGIRU+5DQG/9(7LQWKH
VDPH UHJLRQ RI FKU /2'   DQG  UHVSHFWLYHO\ IRU
V\VWROLF %3 FKU  /2'  IRU VWURNH YROXPH RQ FKU
/2' DQGIRU&2RQFKU/2' (YLGHQFH IRU
VLJQLILFDQWOLQNDJHZDVDOVRIRXQGIRUV\VWROLF%3VOHHSGLS
LQFKU/2' 0HQWDOVWUHVVUHYHDOHGWKHODUJHVWQXPEHU
RI VLJQLILFDQW DQG VXJJHVWLYH ORFL IRU QRUPDO %3 UHSRUWHG WR
GDWH7KH VWXG\RI%3 DQG LWV LQWHUPHGLDWH SKHQRW\SHV XQGHU
PHQWDO DQG SK\VLFDO VWUHVV DQG IRU  KRXUVPD\ KHOS UHYHDO
















&\VWLF ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU &)75
20,0  JHQH LV NQRZQ WR EH LPSOLFDWHG LQ &\VWLF
ILEURVLV &)20,0 WKHPRVWFRPPRQDXWRVRPDO
UHFHVVLYH GLVRUGHU LQ WKH&DXFDVLDQ SRSXODWLRQ  7KH
DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH WKH IUHTXHQFLHV RI
PXWDWLRQVLQ&)75JHQHLQ7XQLVLDQSDWLHQWVDFFRUGLQJWRWKH
FOLQLFDO VXVSLFLRQ :H VFUHHQHG  SDWLHQWV IRU &)75
PXWDWLRQV 3DWLHQWV ZHUH UHIHUUHG WR RXU ODERUDWRU\ IRU YHU\
KHWHURJHQHRXV PRWLIV HQFRPSDVVLQJ &) EURQFKLHWDVLV DQG
ELODWHUDODEVHQFHRIWKHYDVGHIHUHQV&%9$'PXWDWLRQV
ZHUH DQDO\]HG XVLQJ&\VWLF )LEURVLV*HQRW\SLQJ$VVD\ IURP
$EERWW2YHUDOO&)75PXWDWLRQVZHUHGHWHFWHGLQRIWKH
SDWLHQWVZKLOHQRPXWDWLRQVZHUHGHWHFWHG LQ.QRZLQJ
WKDW WKH $EERWW WHVW VHQVLWLYLW\ LQ 1RUWK $IULFDQ SRSXODWLRQ
GRHVQ
W H[FHHG  LW VHHPV YHU\ LQWHUHVWLQJ WR GHYHORS















DQG LQIDQW 7DNLQJ LQWR DFFRXQW WKH GLVHDVHV FRYHUHG E\ D
PROHFXODUGLDJQRVLVFHUWDLQW\DQGZLWKQHRQDWDOK\SRWRQLDDVD
PDMRU FOLQLFDO VLJQ ZH DUH LQWHUHVWHG LQ WKUHH QHXURORJLFDO




RI FDVHV ZLWK D GHOHWLRQ KRPR]\JRXV H[RQ  SOXV RU PLQXV
H[RQRI601JHQHORFDWHGLQTDQGP\RWRQLFG\VWURSK\
W\SH  '0 DQ DXWRVRPDO GRPLQDQW GLVHDVH GXH WR DQ
H[SDQVLRQDQGXQVWDEOH WULQXFOHRWLGH&7* LQ WKHXQWUDQVODWHG
UHJLRQ 
875 JHQH HQFRGLQJ P\RWRQLF G\VWURSK\ SURWHLQ
NLQDVH'03.ORFDWHGLQT7KHDLPRIRXUZRUNLVWR
HVWDEOLVKDPROHFXODUGLDJQRVLVVWUDWHJ\RIQHRQDWDOK\SRWRQLD
ZLWKQHXURORJLFDORULJLQ 63:$06, DQG'02XU VWXG\
ZDV SHUIRUPHG LQ  QHZERUQV UHIHUUHG WR RXU ODERUDWRU\ IRU
QHRQDWDOK\SRWRQLD:HFDUULHGWKHGLDJQRVLVRI3:6E\ERWK
060/3$ WHFKQLTXHV DQG 733&5 IRU $06, ZH KDYH
GHSOR\HG WKH WHFKQLTXH RI 3&55)/3 IRU WKH '0 ERWK
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WHFKQLTXHV RI 733&5 DQG 4036) ZHUH XVHG  3DWLHQWV
ZLWKRXW FOLQLFDO VXVSLFLRQ RI SUHGLOHFWLRQ ZHUH LQYHVWLJDWHG





LV WR XQYHLO 2XU ZRUN SURYLGHV FOLQLFLDQV D VWUDWHJ\ IRU WKH
GLDJQRVLV RI QHRQDWDO K\SRWRQLD +RZHYHU WKLV VWUDWHJ\
















)0) LV DQ DXWRVRPDO UHFHVVLYH GLVRUGHU KLJKO\ SUHYDOHQW
DURXQG WKH 0HGLWHUUDQHDQ %DVLQ &ROFKLFLQH D SURSK\ODFWLF
GUXJ IRU )0) LV HIIHFWLYH LQ SUHYHQWLQJ )0) IHYHU DWWDFNV
)$ LQ WKH PDMRULW\ RI SDWLHQWV ZKLOH  RI )0)
SDWLHQWV DUH SDUWLDOO\ RU WRWDOO\ QRQUHVSRQGHUV WR FROFKLFLQH
0,) LV D SRWHQW SURLQIODPPDWRU\ F\WRNLQH WKDW SOD\V DQ
HVVHQWLDO UROH LQ PDQ\ LQIODPPDWRU\ DQG DXWRLPPXQH
GLVRUGHUV %ORFNLQJ 0,) WDXWRPHUDVH DFWLYH VLWH ZLWK VPDOO
SKDUPDFRSKRUHVKDVEHHQVXFFHVVIXOO\XVHGWRVXSSUHVVPDQ\
DXWRLPPXQH DQG LQIODPPDWRU\ GLVRUGHUV7KH UROH RI0,) LQ
)0) SDWKRJHQHVLV DQG WKH HIIHFW RI0,) LQKLELWLRQ KDYH QRW
EHHQHYDOXDWHG,QWKLVVWXG\ZHLQYHVWLJDWHGWKHHIIHFWRI0,)
UHYHUVLEOHLQKLELWRU,62RQWKHH[SUHVVLRQRI,/ȕ71)D
,/ DQG0,) IURPSHULSKHUDO EORRG O\PSKRF\WHV 3%/ RI
)0) SDWLHQWV GXULQJ )$ 7KH HWKLFV FRPPLWWHH RI RXU
LQVWLWXWLRQ DSSURYHG WKLV VWXG\ (/,6$ DVVD\V DQG UHDO WLPH
3&5 573&5 ZHUH XVHG WR GHWHUPLQH SURWHLQ DQG P51$
H[SUHVVLRQ OHYHOV RI ,/ȕ 71)D DQG ,/ LQ )0)3%/V
GXULQJ )$ EHIRUH DQG DIWHU0,) LQKLELWLRQ $OVR P51$ RI
0,) ZDV GHWHUPLQHG XQGHU WKH VDPH FRQGLWLRQV LQ WKHVH
SDWLHQWV2XU UHVXOWVZHUH FRPSDUHG WR DJH DQG VH[PDWFKHG
KHDOWK\FRQWUROV8VLQJ(/,6$DVVD\V3%/VWDNHQIURP)0)
SDWLHQWVGXULQJ)$VHFUHWHIROGVKLJKHURI,/ȕ71)D
DQG ,/ FRPSDUHG WR WKRVH IURPKHDOWK\PDWFKHG FRQWUROV
:H GHWHUPLQHG D QRQWR[LF RSWLPDO GRVH RI X0 DQG
LQFXEDWLRQ WLPH RI KU IRU ,62 LQKLELWLRQ ,62
VLJQLILFDQWO\ LQKLELWHG  WKHVHFUHWLRQRI ,/ȕ71)
D DQG ,/ WR WKH PHGLD RI FXOWXUHG 3%/V GXULQJ )$
,QWHUHVWLQJO\ WKLV LQKLELWLRQ UHWXUQHG WKH OHYHOV RI DVVD\HG
F\WRNLQHVWRWKDWGXULQJUHPLVVLRQ7KHP51$OHYHORI,/ȕ
71)D,/DQG0,)ZDVIROGVKLJKHUGXULQJ)$LQ
)0) SDWLHQWV FRPSDUHG WR KHDOWK\ LQGLYLGXDOV $OVR ,62
LQKLELWHG P51$ RI DOO IRXU F\WRNLQHV EHWZHHQ   DV
GHWHUPLQHG E\573&5 DIWHU ,62 LQKLELWLRQ &RQFOXVLRQV
7R RXU NQRZOHGJH WKLV LV WKH ILUVW UHSRUW LQYHVWLJDWLQJ WKH
HIIHFWRI0,)LQKLELWLRQRQWKHH[SUHVVLRQRI71)D,/ȕ,O
DQG0,)IURP3%/VRI)0)SDWLHQWV'LIIHUHQWLQKLELWLRQ
SHUFHQWDJH RI P51$ DQG SURWHLQ VHFUHWLRQ LV OLNHO\ GXH WR
GLIIHUHQW UHJXODWRU\ PHFKDQLVPV HPSOR\HG GXULQJ
WUDQVFULSWLRQ DQG WUDQVODWLRQ &\WRNLQH VWRUP LV WKH FDXVH RI
IHYHU QDXVHD DQG IDWLJXH GXULQJ LPPXQH UHDFWLRQ LH )0)
)$ 7KH EDODQFH EHWZHHQ SUR DQG DQWLLQIODPPDWRU\
F\WRNLQHVXVXDOO\GHWHUPLQHVWKHVHYHULW\GXUDWLRQDQGH[WHQW
RILQIODPPDWLRQ7KXV,/HOHYDWLRQGXULQJ)$LVWRFRXQWHU
WKH DFWLRQV RI ,/ȕ DQG 71)D DQG WR SUHYHQW KRVW WLVVXH
GDPDJHV2XUUHVXOWVLQGLFDWHWKDW0,)LVDPDMRUUHJXODWRURI
,/ȕ 71)D DQG ,/ DW WKH SURWHLQ VHFUHWLRQ DQG
WUDQVFULSWLRQDO OHYHO  :H SUHGLFW WKDW WKLV UHJXODWLRQ LV
PHGLDWHG E\ WUDQVFULSWLRQ SDWKZD\ DQG WUDQVFULSWLRQDO IDFWRUV
VXFKDV1)N%7DNHQWRJHWKHURXUGDWDVXJJHVWVWKHSRVVLEOH













5HWLQREODVWRPD LV FDXVHG E\ FRPSRXQG KHWHUR]\JRVLW\ RU
KRPR]\JRVLW\ RI UHWLQREODVWRPD JHQH 5% PXWDWLRQV ,Q




XVLQJ KLJK UHVROXWLRQPHOWLQJ DVVD\ +50 DQG '1$ GLUHFW
VHTXHQFLQJ:H HYDOXDWH WKH SKHQRW\SH DQG SHQHWUDQFH RI D
JHUPOLQHPXWDWLRQRI5%JHQHLQDODUJH7DLZDQHVHIDPLO\
7KH PROHFXODU DQDO\VLV DQG FOLQLFDO GHWDLOV RI WKLV IDPLO\
VKRZHG SKHQRW\SLF YDULDELOLW\ DVVRFLDWHGZLWK FHUWDLQ9/
PXWDWLRQ LQ H[RQ  RI 5% JHQH LQ  LQGLYLGXDOV 7KH
SKHQRW\SHYDULHVIURPDV\PSWRPDWLFWRXQLODWHUDOWXPRU2QO\
 LQGLYLGXDOV  PDOHV DQG  IHPDOHV GHYHORSHG XQLODWHUDO
UHWLQREODVWRPDZKLFK UHVXOWV LQ FDOFXODWHG ORZSHQHWUDQFHRI
7KHDJHRIGLDJQRVLVYDULHGIURPWR\HDUV
ZLWK DQ DYHUDJH RI  \HDUV ROG ,Q SDUWLFXODU QRQH RI WKHP
UHODWLYHV LQ WKLV IDPLO\ H[KLELWHG WKH YDULDEOH VHYHULW\ DQG
ELODWHUDOUHWLQREODVWRPD7KHGLVHDVHGH\HUDWLR'(5IRUWKLV
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)UDJLOH ; V\QGURPH LV WKH PRVW FRPPRQ IRUP RI LQKHULWHG
PHQWDO UHWDUGDWLRQ ,WV IUHTXHQF\ LV HVWLPDWHG WR EH
DSSUR[LPDWHO\IRUDIIHFWHGPDOHVDQGDIIHFWHG
IHPDOHV 7KH GLVHDVH LV FDXVHG E\ H[SDQVLRQ RI D &**
WULQXFOHRWLGHWDQGHPUHSHDWDWWKH
XQWUDQVODWHGUHJLRQRIWKH
)05 JHQH ORFDWHG DW ;T $LP WR HVWDEOLVK D PROHFXODU
JHQHWLFV WHFKQLTXH IRU WKH PROHFXODU GLDJQRVLV RI FDVHV
DIIHFWHG ZLWK IUDJLOH ; V\QGURPH 6XEMHFWV 	0HWKRGV 7KH
VWXG\LQFOXGHGDWRWDORIFDVHVPDOHVDQGIHPDOHVZLWK
PHQWDO UHWDUGDWLRQ WKHLUDJHVUDQJHGEHWZHHQPRQWKV WR
\HDUVQRUPDOVXEMHFWVZHUHXVHGDVFRQWUROV2WKHUIDPLO\
PHPEHUV ZHUH LQFOXGHG  PRWKHUV  VLVWHUV DQG  IDWKHUV
%LVXOILWHWUHDWPHQWRI'1$ZDVIROORZHGE\PROHFXODUWHVWLQJ
XVLQJ WZR GLIIHUHQW WHFKQLTXHV )LUVW 3&5 ZDV SHUIRUPHG
XVLQJWZRVHWVRISULPHUVRQHVHWRISULPHUVZDVVSHFLILFIRU
DPSOLI\LQJ PHWK\ODWHG & UHVLGXHV LQ DIIHFWHG PDOHV DQG WKH
RWKHU SDLU RI SULPHUV ZDV GHVLJQHG WR DPSOLI\ WKH
XQPHWK\ODWHG UHSHDWV LQKHDOWK\PDOHV7KHVHFRQG WHFKQLTXH
XVHGWKHUHDOWLPH3&5EDVHGRQPHWK\ODWLRQVSHFLILFPHOWLQJ
FXUYHDQDO\VLV060&$IRUGHWHFWLRQRIPHWK\ODWLRQVWDWXV
RI WKH )05 SURPRWHU UHJLRQ 5HVXOWV RI 3&5 XVLQJ
PHWK\ODWHG DQG XQPHWK\ODWHG 3&5 SULPHUV UHYHDOHG 
DIIHFWHG DQG   XQDIIHFWHG LQGLYLGXDOV UHVSHFWLYHO\
5HVXOWVIRUUHDOWLPH3&5UHYHDOHGVLQJOHORZPHOWLQJSHDNLQ
 LQGLFDWLQJ XQPHWK\ODWHG )05 JHQH DQG KHQFH
XQDIIHFWHG PDOHV DQG KLJK PHOWLQJ SHDN  LQGLFDWLQJ
DIIHFWHG PDOHV $OO FRQWURO VXEMHFWV KDV VKRZQ ORZ PHOWLQJ
SHDNV LQGLFDWLQJ QRUPDO JHQH 7KH UHDO WLPH 3&5 WHFKQLTXH
SURYHG WR EH PRUH VHQVLWLYH UHOLDEOH DQG UDSLG IRU WKH
GLDJQRVLVRIFDVHVZLWK IUDJLOH;V\QGURPH1R IHPDOHFDVHV
RUFDUULHUVFRXOGEHGHWHFWHGE\ERWKWHFKQLTXHV7KHWHFKQLTXH















\HW  0DQ\ JHQHWLF GLVRUGHUV KDYH EHHQ LPSOLFDWHG ZLWK ;
OLQNHG JHQHV0DQ\ FDQFHU JHQHV KDYH DOVR EHHQPDSSHG RQ
WKLV FKURPRVRPH ,Q VSLWH RI WKLV UHYHODWLRQ ; FKURPRVRPH
KDV UHPDLQHG HQLJPDWLF IRU UHVHDUFKHUV HYHQ DIWHU WKH
FRPSOHWLRQRI+XPDQ*HQRPH3URMHFW'RVDJHFRPSHQVDWLRQ
WKH ZD\ RI EDODQFLQJ WKH JHQH FRQWHQWV RI PDOH DQG IHPDOH
PDPPDOV LV DOVR TXLWH FU\SWLF *HQHV RQFH WKRXJKW WR EH
LQDFWLYHDUHQRZEHLQJHYLGHQWWRHVFDSHIURPLQDFWLYDWLRQDQG
WKH QXPEHU LV LQFUHDVLQJ ZLWK WKH DYDLODELOLW\ RI PRUH
VRSKLVWLFDWHG PHWKRGV DQG WHFKQLTXHV WR GHWHFW WKLV SURFHVV
+HUHLWLVSURSRVHGWKDW;OLQNHGJHQHVHVFDSHLQDFWLYDWLRQLQ
D WLVVXH VSHFLILFPDQQHU1RW DOOJHQHVHVFDSH LQDFWLYDWLRQ LQ
DOOWLVVXHV+RZHYHUWKHJHQHVWKDWUHVLGHRQSVHXGRDXWRVRPDO
UHJLRQDUHWKHPRVWHVFDSHGJHQHVDQGLWGRHVQRWFUHDWHVHYHUH
SUREOHPV %XW WKH JHQHV WKDW UHVLGLQJ RXWVLGH WKH
SVHXGRDXWRVRPDO UHJLRQV ZKHQ HVFDSH LQDFWLYDWLRQ PD\
FDXVH GLVHDVH IURPRYHU DQGRUPLVSODFHG H[SUHVVLRQ DV WKH\
ZHUHVXSSRVHG WREH VLOHQWRUH[SUHVVDW ORZ OHYHORQO\7KLV
PLVSODFHG H[SUHVVLRQ OHDGV WR G\VUHJXODWLRQ RI WKH FHOOXODU
SURFHVVHVZKLFKFDXVHFDQFHURURWKHUDQRPDOLHV,QWKLVVWXG\
PLFURDUUD\ GDWD IURP ZHE UHSRVLWRU\ RI D PDOH ;
FKURPRVRPH D IHPDOH LQDFWLYH;FKURPRVRPHDQGDQDFWLYH
IHPDOHFKURPRVRPHKDVEHHQDQDO\]HGZKLFKKDVEURXJKWRXW
















&KURPRVRPH LQVWDELOLW\ &,1 LV DVVRFLDWHG ZLWK
QHXURGHJHQHUDWLRQ LQ DWD[LDWHODQJLHFWDVLD $7 DQG
$O]KHLPHU
VGLVHDVH$',RXURYHWDO+HUHZHKDYH
DWWHPSWHG WR GHWHUPLQH FHOOXODU DQG PROHFXODU EDVLV RI WKLV
UHODWLRQVKLS+LJKUHVROXWLRQLQWHUSKDVHPROHFXODUF\WRJHQHWLF
DQG LQ VLOLFR DQDO\VHV VKRZHG WKDW &,1 LQYROYHV VSHFLILF
FKURPRVRPDO ORFL LQ WKH $7 FHUHEHOOXP T )2;*%
129$S;S;S)5$&)5$;%)5$;&
7R JHW PRUH LQVLJKWV LQWR JHQRPLF PHFKDQLVPV RI $7
QHXURGHJHQHUDWLRQZHSHUIRUPHGDQDO\VHVRIWKHVHORFLE\DQ
RULJLQDO LQ VLOLFR DSSURDFK EDVHG RQ FRPSDUDWLYH VWXG\LQJ RI
JHQRPLFDQGHSLJHQRPLFGDWDEDVHV7KHORFXVRIFKURPRVRPH
PRUHFRPPRQO\GLVUXSWHGLQWKH$7FHUHEHOOXPZDVIRXQG
WR FRQWDLQ  JHQHV RI NQRZQ IXQFWLRQ DQG H[SUHVVLRQ
SURILOLQJ7ZRJHQHV)2;*%DQG129$ZHUHIRXQGWR
EH KLJKO\ H[SUHVVHG LQ WKH KXPDQ EUDLQ HVSHFLDOO\ LQ WKH
FHUHEHOOXP WKURXJKRXW RQWRJHQ\ 7KLV OHG XV WR SURSRVH
)2;*% DQG 129$ WR EH FDQGLGDWH JHQHV IRU GLVUXSWLRQ
SURGXFHGE\&,1LQWKH$7FHUHEHOOXP5HPDLQLQJORFLZHUH
QRW GHPRQVWUDWHG VSHFLILF FDQGLGDWH JHQHV EHLQJ KRZHYHU
DGMDFHQW WR FRPPRQ IUDJLOH VLWHV )5$& )5$;% DQG
)5$;& 7KLV VXSSRUWV REVHUYDWLRQV WKDW $70 $7 JHQH
UHJXODWHV IUDJLOH VLWH VWDELOLW\0RUHRYHU VLQFHZHVKRZQRQ
UDQGRP JHQRPLF ORFL UHFXUUHQWO\ GLVUXSWHG E\&,1 RXU GDWD
VXJJHVW SURJUDPPHG VRPDWLF JHQRPH UHFRPELQDWLRQ GXULQJ
GLIIHUHQWLDWLRQDQGPDWXUDWLRQRIQHXUDOFHOOVLQWKHKXPDQ:H
IXUWKHU SHUIRUPHG D SURWHRPLF LQWHUDFWRPLFUHDFWRPLF VWXG\
DQDO\]LQJHLWKHU ORFLGLVUXSWHGE\&,1RUFUXFLDO LQWUDFHOOXODU
SURFHVVHV LQ FRQWH[W RI RXU GDWD *HQHV GLVUXSWHG LQ WKH $7
FHUHEHOOXPLQWHUDFWZLWK60$'SDWKZD\60$'60$'DW
TRI7*)EHWDUHVSRQVHUHTXLUHGIRUSURSHUDSRSWRVLV
DQG FHOO F\FOH SURJUHVVLRQ$GGLWLRQDOO\ WKHVH GDWD LPSOLFDWH
WKDW QHXURQDOVSHFLILF DOWHUQDWLYH VSOLFLQJ LV OLNHO\ WR EH




WKDW *0 '1$ UHSOLFDWLRQ FKHFNSRLQW SDWKZD\ VKRXOG EH
SULPDULO\ DIIHFWHG LQ WKH $' EUDLQ +RZHYHU QHLWKHU
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LQWHUDFWRPH QRU UHDFWRPH HYDOXDWLRQ KDV HOXFLGDWHG HOHPHQWV
SOD\LQJ D UROH LQ WKLV SDWKZD\ WKDW KDYH EHHQ IRXQG WR EH
LQYROYHG LQ$'EUDLQVSHFLILF&,17KHUHIRUHZH FRQFOXGHG
WKDWQHXURGHJHQHUDWLRQLQWKH$'EUDLQLVPHGLDWHGE\'1$
UHSOLFDWLRQLQGHSHQGHQW DQHXSORLGL]DWLRQ DQG FKURPRVRPH
VSHFLI\LVDFKLHYHGE\QDWXUDOVHOHFWLRQGXULQJEUDLQRQWRJHQ\
:H FRQFOXGH WKDW ELRLQIRUPDWLF DQG SURWHRPLF DQDO\VLV LV D
UHTXLUHG DGGLWLRQ WR VWXGLHV GLVFRYHULQJ PHFKDQLVPV RI














3UHYDOHQFH RI QXWULWLRQDO ULFNHWV LQ GHYHORSHG FRXQWULHV
DSSHDUV WR EH ULVLQJ 5LFNHWV LQ LQIDQWV LV DWWULEXWDEOH WR
LQDGHTXDWH YLWDPLQ ' LQWDNH DQG GHFUHDVHG H[SRVXUH WR
VXQOLJKW 6RPH VWXGLHV UHSRUWHG DVVRFLDWLRQ EHWZHHQ ERQH
PHWDEROLVPDQGYLWDPLQ'UHFHSWRU9'5SRO\PRUSKLVP7KH
DLPRIWKLVVWXG\LVWRH[DPLQHWKHDVVRFLDWLRQEHWZHHQ9'5





FOLQLF RI $O$]KDU KRVSLWDO $O$]KDU XQLYHUVLW\ 7KH
0ROHFXODU DVSHFW VWXGLHG 9'5 JHQH $SD, )RN, DQG 7DT,
SRO\PRUSKLF VLWHV 7KH ELRFKHPLFDO GHWHFWLRQ RI DONDOLQH
SKRVSKDWDVH FDOFLXP DQG SKRVSKRURXV LQ DGGLWLRQ WR JURZWK
SDUDPHWHUV ZHUH VWXGLHG LQ ERWK SDWLHQWV DQG FRQWUROV 7KH




LQ SDWLHQWV 7KH )) 9'5 JHQRW\SH ZDV DVVRFLDWHG ZLWK
UHGXFHG KHLJKW 3DWLHQWV KDG VLJQLILFDQW ORZHU YDOXHV LQ
SKRVSKDWH OHYHODQGKLJKHUYDOXHV LQDONDOLQHSKRVSKDWH OHYHO
FRPSDUHG WR FRQWUROV :KHQ WKH JHQRW\SHV RI DOO
SRO\PRUSKLVPVZHUH FRPELQHG WKHPRVW IUHTXHQW JHQRW\SHV
ZHUH$D)I77 LQSDWLHQWVDQG$D))77 LQFRQWUROV7KHUH LVD
FRUUHODWLRQ EHWZHHQ 9'5 JHQH SRO\PRUSKLVP ELRFKHPLFDO
DQGJURZWKSDUDPHWHUVLQ(J\SWLDQUDFKLWLFFKLOGUHQ7KHVWXG\




















DXWRLPPXQH GLVRUGHUV ,Q ,QGLD*XMDUDW DQG5DMDVWKDQ VWDWHV
KDYH WKH KLJK SUHYDOHQFH RI WKH GLVHDVH LH a  2XU
VWXGLHV KDYH VKRZQ WKDW  RI *XMDUDW YLWLOLJR SDWLHQWV
SRVVHVVDXWRDQWLERGLHVDJDLQVWPHODQRF\WHV&\WRNLQHVDUHORZ
PROHFXODUZHLJKW JO\FRSURWHLQV LQYROYHG LQ WKH UHJXODWLRQ RI
RXU LPPXQH V\VWHP &\WRNLQH LPEDODQFHKDVEHHQ VKRZQ WR
SOD\ DPDMRU UROH LQ WKH SDWKRJHQHVLV RI VHYHUDO DXWRLPPXQH
GLVRUGHUV *HQHWLF SRO\PRUSKLVPV LQ F\WRNLQH JHQHVPD\ EH
UHVSRQVLEOHIRU WKHLUDOWHUHGSURWHLQOHYHOVZKLFKPD\OHDGWR
LPPXQH G\VIXQFWLRQ 7KH SUHVHQW VWXG\ IRFXVHV RQ JHQHWLF
SRO\PRUSKLVPV LQ ,QWHUOHXNLQ ,/ ZKLFK LV LQYROYHG LQ





&KDLQ 5HDFWLRQEDVHG UHVWULFWLRQ DQDO\VLV 5)/3 XVLQJ
HQGRQXFOHDVH$YD,,DQGDES,QVHUWLRQRUGHOHWLRQ,1'(/
VHTXHQFHLQWKH,QWURQUHJLRQRI,/JHQHXVLQJ3&5)RU
WKLV VWXG\  KHDOWK\ FRQWUROV DQG  YLWLOLJR SDWLHQWV RI
*XMDUDW ZHUH H[DPLQHG *HQRW\SH DQG DOOHOH IUHTXHQFLHV IRU
ERWKWKHVWXGLHGSRO\PRUSKLVPVZHUHIRXQGWREHVLJQLILFDQWO\
GLIIHUHQW S LQ YLWLOLJR SDWLHQWV DQG FRQWUROV
VXJJHVWLQJ WKH SRVLWLYH DVVRFLDWLRQ RI WKHVH SRO\PRUSKLVPV
ZLWKYLWLOLJRVXVFHSWLELOLW\7KLVLVWKHILUVWUHSRUWVKRZLQJWKH
SRVLWLYHDVVRFLDWLRQRIWKH,/,QWURQ,1'(/SRO\PRUSKLVP
ZLWK YLWLOLJR 7KH JHQH H[SUHVVLRQ DQDO\VLV LV DOVR EHLQJ




VXVFHSWLEOH JHQRW\SHV 77,, IRU  DQG ,1'(/
SRO\PRUSKLVPV KDG VLJQLILFDQWO\ HOHYDWHG OHYHOV RI ,/
S DV FRPSDUHG WR ZLOG W\SH JHQRW\SHV 7KXV LQ
FRQMXQFWLRQZLWK WKHSRVVLEOHJHQRW\SHSKHQRW\SHFRUUHODWLRQ





















ȕ7KDODVVHPLDV ȕWKDO DUH KHUHGLWDU\ GHIHFWV LQ WKH UDWH RI
V\QWKHVLVRIȕJORELQFKDLQVRIKHPRJORELQZKLFKDUHZLGHO\
GLVWULEXWHG WKURXJKRXW WKH ZRUOG ZLWK FRQVLGHUDEOH
IUHTXHQFLHV LQ WKH HDVWHUQ0HGLWHUUDQHDQ FRXQWULHV LQFOXGLQJ
,UDT.XUGVDUHDQHWKQLFJURXSLQKDELWLQJDUHJLRQNQRZQDV
.XUGLVWDQZKLFKLQFOXGHVDGMDFHQWSDUWVRI,UDQ,UDT7XUNH\
DQG 6\ULD 6XODLPDQL\DK LV D ODUJH SURYLQFH O\LQJ LQ





FHQWHU LQ WKH SURYLQFH 7KHUHIRUH WKLV VWXG\ZDV LQLWLDWHG WR
GHWHUPLQH WKHVSHFWUXPRIȕWKDOPXWDWLRQV LQ WKLVSUHYLRXVO\
XQFKDUWHGSDUWRIWKHFRXQWU\(YHU\RWKHUVXEMHFWGLDJQRVHGDV
ȕWKDO PLQRU EHWZHHQ VW 6HSW WR VW RI 'HF  E\ WKH
6XODLPDQL\DK 3URYLQFLDO 3UHPDULWDO 6FUHHQLQJ &HQWHU
1RUWKHDVWHUQ ,UDT ZDV HQUROOHG LQ WKLV VWXG\ 'XULQJ WKLV
SHULRGD WRWDORIVXEMHFWVZHUHGLDJQRVHGDVȕWKDOPLQRU
EDVHG RQ KDYLQJ D FRPELQDWLRQ RI WKH ORZ 0&9 PHDQ
FRUSXVFXODU YROXPH  I/ DQGRU ORZ 0&+ PHDQ
FRUSXVFXODU KHPRJORELQ  SJ YDOXHV ZLWK D KLJK RU
ERUGHUOLQH+E$ IUDFWLRQ +E$!$OWHUQDWH VXEMHFWV





VSHFLILF ZLOG DQG PXWDQW ROLJRSUREHV XVLQJ ȕ*ORELQ
6WULS$VVD\ 9LHQQD/DE 'LDJQRVWLFV 9LHQQD $XVWULD 7KLV
6WULS$VVD\ GHVLJQHG WR GHWHFW  ȕWKDOPXWDWLRQVZKLFK DUH
HQFRXQWHUHGLQ0HGLWHUUDQHDQFRXQWULHV6DPSOHVLQZKLFKQR
PXWDWLRQV FRXOG EH LGHQWLILHG DW WKDW VWDJH ZHUH IXUWKHU
DQDO\]HG E\ VHTXHQFLQJ WKH HQWLUH ȕ JORELQ JHQH DW WKH
.DULPLQHMDG1DMPDEDGL3DWKRORJ\	*HQHWLFV&HQWHU7HKUDQ
,UDQXVLQJWZRVHWVRISULPHUVVHQVHDQWLVHQVH)SULPHUDQG
5 SULPHU $ WRWDO RI  GLIIHUHQW ȕWKDO PXWDWLRQV ZHUH
LGHQWLILHG LQ WKH VWXGLHG VDPSOHVRIZKLFKHLJKW UHSUHVHQWLQJ
RIPXWDWHGȕJORELQJHQHV7KHPRVWFRPPRQPXWDWLRQV






FRGRQ  ZHUH SUHVHQW LQ IUHTXHQFLHV EHORZ $OO
PXWDWLRQH[FHSWRQH&RGRQZHUHLGHQWLILHGE\WKHUHYHUVH
K\EULGL]DWLRQ 6WULS$VVD\ 7KH ODWWHU PXWDWLRQ ZDV
FKDUDFWHUL]HG E\ '1$ VHTXHQFLQJ 7KLUW\ QLQH RXW RI 



















7KH QDWXUDO KXPDQ ODQJXDJHV IROORZ VSHFLILF UXOHV E\ZKLFK
DOSKDEHWLF OHWWHUV DUH RUGHUHG LQ VHTXHQFHV VSHFLILF WR D
ODQJXDJH ,Q WKLV SDSHUZH FRQVLGHU QXFOHLFSURWHLQ FRGHV DV
DOSKDEHWLF OHWWHUVRI WKH FHOO JHQHWLF ODQJXDJH%\ VHOHFWLQJ D
NQRZQKXPDQQDWXUDOODQJXDJH$UDELFODQJXDJHDVDPRGHO
ZH DWWHPSW WR HVWDEOLVK WKH UXOHV RI WKH JHQHWLFV ODQJXDJH RI
WKH FHOOV 7KLV VHOHFWHG ODQJXDJH RI WKH VWXG\ SUHVHQWV D NH\
IHDWXUH LWV OHWWHUV VKRZHG D JUHDW VLPLODULW\ ZLWK WKH
GLVWULEXWLRQ RI JHQHWLFSURWHLQ FRGHV &DOFXODWHG XVLQJ
PDWKHPDWLFDO PHWKRGV ZRUGV DQG VHQWHQFHV FDQ EH
UHSUHVHQWHGLQWKHODQJXDJHVWXG\E\HTXDWLRQVDQG'DQG'
JUDSKV ,QWKLVDUWLFOHZHSUHVHQWDPHFKDQLVPE\ZKLFKWKH
$UDELF ODQJXDJH KDV LWV VSHFLILF IHDWXUHV DQG IURPZKLFKZH
FDQ ILQG PHFKDQLVPV IRU UHDGLQJ DQG DQDO\]LQJ WKH
IXQGDPHQWDO ODQJXDJH RI DQ\ RUJDQLVP JHQRPH :H DOVR
WHVWHG D QRQ$UDELF ODQJXDJH XVLQJ DOSKDEHWLF $UDELF OHWWHUV














6SLQDOPXVFXODU DWURSK\ 60$ LV RQH RI WKHPRVW FRPPRQ
DXWRVRPDO UHFHVVLYH GLVRUGHUV FKDUDFWHUL]HG E\ GHJHQHUDWLRQ
RI DQWHULRU KRUQ FHOOV LQ WKH VSLQDO FRUG DQG OHDGV WR
SURJUHVVLYHPXVFXODUZHDNQHVVDQGDWURSK\60$LVFOLQLFDOO\
GLYLGHG LQWR IRXU VXEW\SHV GHSHQGLQJ RQ DJH DW RQVHW DQG




KRPRORJRXV JHQH 601 DVZHOO DV WKH H[WHQW RI GHOHWLRQ DW
601 ORFXV ,Q WKH SUHVHQW VWXG\ WR HOXFLGDWH WKH FRUUHODWLRQ
EHWZHHQ JHQRW\SH DQG FOLQLFDO VHYHULW\ LQ 60$ SDWLHQWV ZH
DQDO\]HG WKH PROHFXODU JHQHWLFV IHDWXUHV RI  $OJHULDQ
SDWLHQWV ZLWK 60$ IURP  XQUHODWHG IDPLOLHV $OO SDWLHQWV





E\ 3&5 DPSOLILFDWLRQ RI H[RQ  DQG  601 JHQH FRS\
QXPEHU DQDO\VLVZDV FDUULHG RXW E\ WKH XVH RI D TXDQWLWDWLYH
3&5EDVHGDVVD\7KHSDWLHQWVZHUHFODVVLILHGLQWRW\SH,60$
SDWLHQWV W\SH ,, SDWLHQWV7\SH ,,, SDWLHQWVDQG
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W\SH,9SDWLHQWVRIWKH60$IDPLOLHVZHUH





1$,3 GHOHWLRQV ZHUH VLJQLILFDQWO\ KLJKHU LQ W\SH , SDWLHQWV
WKDQLQW\SH,,RU,,,SDWLHQWV$OVR601FRS\QXPEHUVZHUH
KLJKHU LQ60$ W\SH ,9DQG60$ W\SH ,,, WKDQ LQ W\SH , DQG
W\SH,,7KLV LQFUHDVH LQFRS\QXPEHURI601JHQHPD\EH
UHVSRQVLEOHIRUWKHOHVVVHYHUHIRUPRI60$ZLWKODWHRQVHWRI


























+ 105 LV FDSDEOH RI PHDVXULQJ  PHWDERQRPLF
SDUDPHWHUV IURP EORRG VHUXP DQG OLSLG H[WUDFWV 7KH GDWD
FRQVLVWV RI GLIIHUHQW OLSRSURWHLQYDULDEOHV OLSLGPHDVXUHV DQG
VPDOO PROHFXOHV ,Q DGGLWLRQ WR GLUHFW PHDVXUHV ZH DOVR
FRQGXFWHG D JHQRPH ZLGH DVVRFLDWLRQ VWXG\ IRU IXUWKHU 
UDWLRV RI PRVW LQWHUHVWLQJ PHWDEROLWHV 7KH *:$6 RQ 
PLOOLRQ 613V ZHUH SHUIRUPHG IRU  SKHQRW\SHV XVLQJ
6137(67:HVHWDVWULQJHQWOHYHORIVLJQLILFDQFHE\GLYLGLQJ
WKHQRPLQDOVLJQLILFDQFHOHYHORIS E\WKHQXPEHURI
SKHQRW\SHV XVHG DOWKRXJK VRPH RI WKH SKHQRW\SHV DUH TXLWH
KLJKO\FRUUHODWHG UHVXOWLQJ WRDVLJQLILFDQFH OHYHORI
,QWRWDOQRYHOORFLZHUHVLJQLILFDQWO\DVVRFLDWHGZLWKD
PHWDEROLWH RU D UDWLR RI PHWDEROLWHV :H KDG ZKROH EORRG
H[SUHVVLRQGDWDDYDLODEOHIURPLQGLYLGXDOVZKHUHZHFRXOG
GHWHFWSRVVLEOHH47/VIRUWKHDVVRFLDWHG613V)LYHRIWKH
QRYHO ORFL KDG D VLJQLILFDQW H47/ DVVRFLDWHG ZLWK WKH 613
1LQHRI WKHQRYHODVVRFLDWLRQVZHUH IRUDPLQRDFLGVRU VPDOO
PROHFXOHV )RU H[DPSOH D ORFXV FRQWDLQLQJ 635<'JHQH
ZDV DVVRFLDWHG ZLWK WKH UDWLR RI JOXFRVH DQG JOXWDPLQH
VXJJHVWLQJIRUDSUHYLRXVO\XQNQRZQUROHLQJOXFRVHJOXWDPLQH
PHWDEROLVPIRUWKLVJHQHDVLWZDVDQH47/IRUWKHDVVRFLDWLQJ
613$ QRYHO ORFXV LQ FKURPRVRPH ZDV DVVRFLDWHGZLWK D
ODUJH QXPEHU RI OLSRSURWHLQ PHDVXUHV DV ZHOO DV VHUXP
DOEXPLQOHYHOV7KH613LVORFDWHGQHDUWKHDOEXPLQJHQHDQG
ZDVDVVRFLDWHGZLWKVHUXPWULJO\FHULGHVYDULRXV/'/9/'/
PHDVXUHV $SR% DQG VHUXP IUHH FKROHVWHURO $OWKRXJK WKHUH
DUH FDVH UHSRUWV RI DQDOEXPLQHPLD K\SHUFKROHVWHUROHPLD DQG
K\SHUOLSLGHPLDFDXVHGE\PXWDWLRQV LQ WKHDOEXPLQJHQH WKLV
LV WKHILUVW WLPHZKHQYDULDWLRQIRXQGLQQRUPDOSRSXODWLRQ LV
VKRZQWRDIIHFWDOOWKUHHPHDVXUHVDWWKLVORFXV$613ZKLFK
ZDV DQ H47/ IRU )&*5% DQG )&*5$ JHQHV ZDV
DVVRFLDWHGZLWKWKHFKROHVWHUROHVWHUFRQWHQWRIWKHODUJH+'/
SDUWLFOHV 7KHVH JHQHV KDYH EHHQ OLQNHG WR DWKHURVFOHURWLF
SODTXHV LQ PLFH $V D FRQFOXVLRQ XVLQJ D QRYHO GHVLJQ
FRPELQLQJJHQRPLFPHWDERORPLFDQG WUDQVFULSWRPLFGDWDZH
ZHUH DEOH WR LGHQWLI\ IRXUWHHQ QRYHO ORFL DIIHFWLQJ KXPDQ
PHWDEROLVP LQ (XURSHDQ SRSXODWLRQV 7KHVH QRYHO YDULDQWV















&KURQLF LQWHVWLQDO SVHXGRREVWUXFWLRQ &,32 LV D VHYHUH
GLJHVWLYH V\QGURPH FKDUDFWHUL]HG E\ GHUDQJHPHQW RI JXW




IDPLOLDO IRUPV KDYH DOVR EHHQ GHVFULEHG ZLWK DXWRVRPDO
GRPLQDQWDXWRVRPDOUHFHVVLYHDQG;OLQNHGWUDQVPLVVLRQ:H
SHUIRUPHG ZKROHH[RPH VHTXHQFLQJ LQ WZR DIIHFWHG VLEOLQJV
DORQJZLWKWKHDIIHFWHGIDWKHUDQGWKHXQDIIHFWHGPRWKHU7KH
VHTXHQFLQJ ZDV GRQH XVLQJ WKH ,OOXPLQD6ROH[D SODWIRUP
IROORZLQJ HQULFKPHQW RI H[RQLF VHTXHQFHV XVLQJ 1LPEOHJHQ
ZKROHH[RPH DUUD\ $Q DXWRVRPDO GRPLQDQW PRGH RI
LQKHULWDQFHZDV DVVXPHG WR LGHQWLI\ GLVHDVH FDXVLQJ JHQHV
0RUHRYHU FDOOHG YDULDQWV ZHUH ILOWHUHG WR H[FOXGH WKRVH
LGHQWLILHGLQGE613RU+DS0DSGDWDEDVHV:HJHQRW\SHG
WKH LGHQWLILHG YDULDQWV LQ  XQDIIHFWHG FRQWUROV $IWHU
H[FOXGLQJ WKRVHYDULDQWV IRXQG LQ FRQWUROVZH LGHQWLILHG 
FDQGLGDWHJHQHV6HYHQRIWKHPKDYHORVVRIIXQFWLRQEHFDXVH
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&\WRNLQHVDUHLPSRUWDQWPHGLDWRUVRILPPXQLW\WKHLUUHVSRQVH
GXH WR LPEDODQFH RU GHILFLHQF\ LQ WKH F\WRNLQH QHWZRUNPD\
ODUJHO\ GHWHUPLQH DXWRLPPXQH GLVHDVH VXVFHSWLELOLW\ DQG
VHYHULW\7XPRU1HFURVLV)DFWRUĮ71)ĮDPXOWLIXQFWLRQDO
F\WRNLQH LV LQYROYHG LQ WKH SURPRWLRQ RI LQIODPPDWRU\
UHVSRQVHV DQG SOD\V D FULWLFDO UROH LQ WKH SDWKRJHQHVLV RI
VHYHUDO DXWRLPPXQHGLVHDVHV71)Į LV DSDUDFULQH LQKLELWRU
RIPHODQRF\WHVZKLFKLVVHFUHWHGE\QHLJKERULQJNHUDWLQRF\WHV
DQG LW PD\ SOD\ DQ LPSRUWDQW UROH LQ YLWLOLJR SDWKRJHQHVLV
9LWLOLJR LV DQ DFTXLUHG SLJPHQWDU\ GLVRUGHU FKDUDFWHUL]HG E\
DUHDVRIGHSLJPHQWHGVNLQUHVXOWLQJIURPORVVRIPHODQRF\WHV
,W DIIHFWV  RI WKH ZRUOG SRSXODWLRQ KRZHYHU LQ ,QGLD
*XMDUDWDQG5DMDVWKDQVWDWHVKDYHWKHKLJKHVWSUHYDOHQFHRIWKH
GLVHDVH LH a 7KH FRQWULEXWLRQ RI JHQHWLF IDFWRUV LQ
VXVFHSWLELOLW\ WRYLWLOLJR LV H[HPSOLILHGE\ IDPLOLDO FOXVWHULQJ
7KRXJK YLWLOLJR LV H[WHQVLYHO\ DGGUHVVHG LQ WKH SDVW ILYH
GHFDGHVLWVHWLRORJ\LVVWLOOEHLQJGHEDWHG7KHWKUHHSUHYDLOLQJ
K\SRWKHVHV IRU WKH SDWKRJHQHVLV RI YLWLOLJR DUH WKH





DQ DWWHPSW WR XQGHUVWDQG WKH DXWRLPPXQH SDWKRJHQHVLV RI
YLWLOLJR E\ DVVHVVLQJ WKH 71) Į JHQH SURPRWHU
SRO\PRUSKLVPV DQG LWV H[SUHVVLRQ OHYHOV LQ YLWLOLJR SDWLHQWV
FRPSDUHG WR XQDIIHFWHG FRQWUROV RI *XMDUDW :H KDYH
LQYHVWLJDWHGILYHSRO\PRUSKLVPVLH *$UV 
 *$ UV  &7 UV  &$
UVDQG7&UVDWWKHSURPRWHUUHJLRQ
RIWKH71)ĮJHQHIRUWKHLUUROHLQWKHVXVFHSWLELOLW\WRYLWLOLJR
E\ D FDVH  FRQWURO VWXG\ LQYROYLQJ  SDWLHQWV DQG 
KHDOWK\ DJHPDWFKHG FRQWUROV LQ *XMDUDW SRSXODWLRQ
3RO\PHUDVH FKDLQ UHDFWLRQ5HVWULFWLRQ IUDJPHQW OHQJWK
SRO\PRUSKLVP 3&5 5)/3 WHFKQLTXH ZDV XVHG IRU WKH
DQDO\VLV RI WKHVH SURPRWHU SRO\PRUSKLVPV 2YHUDOO WKH
GLVWULEXWLRQRIWKHJHQRW\SHIUHTXHQFLHVDQGDOOHOHIUHTXHQFLHV
RI 71) Į SURPRWHU SRO\PRUSKLVPV 71) Į  S 
DQGS71)ĮS DQGS71)Į
 S  DQG S  71) Į  S  DQG
S DQG 71) Į  S  DQG S  ZHUH
VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ YLWLOLJR SDWLHQWV DQG FRQWUROV
*HQHH[SUHVVLRQDQDO\VLVRI71)ĮLVDOVREHLQJFDUULHGRXWLQ
YLWLOLJR SDWLHQWV DQG FRQWUROV DQG ZLOO EH DQDO\]HG LQ
FRUUHODWLRQ WR WKH UHVSHFWLYH JHQRW\SHV WR HVWDEOLVK WKHLU
JHQRW\SHSKHQRW\SH FRUUHODWLRQ ,Q FRQFOXVLRQ RXU UHVXOWV
VXJJHVWWKDWWKHZHOOGRFXPHQWHGSURPRWHUSRO\PRUSKLVPVRI
















F\WRNLQH ,W LV D NH\ UHJXODWRU LQ OLPLWLQJ WKH LQIODPPDWRU\
UHVSRQVH WKDW FRXOG RWKHUZLVH FDXVH WLVVXH GDPDJH DQG LV
HVVHQWLDO IRU KRPHRVWDVLV RI LPPXQH V\VWHP LPPXQH
WROHUDQFH 7FHOO GHQGULWLF FHOO GHYHORSPHQW DQG
GLIIHUHQWLDWLRQ RI % FHOOV ,WV UROH KDV EHHQ HVWDEOLVKHG LQ
YDULRXVPRGHOVRI LQIHFWLRQ LQIODPPDWLRQDQGLQFDQFHUV,/
JHQHLV.ELQVL]HDQGLVORFDWHGRQFKURPRVRPHT
 DQG VLJQDOV WKURXJK D WZR UHFHSWRU FRPSOH[ FRQVLVWLQJ RI
WZRFRSLHVHDFKRI,/UHFHSWRU5DQG5,WLVSURGXFHGE\
PDQ\YDULHWLHVRILPPXQHFHOOVWKHIRXUPDMRUSURGXFHUVDUH7
KHOSHU W\SH 7K FHOOV VXEVHWV RI UHJXODWRU\ 7 FHOOV 7U
7K	7KFHOOV&'7FHOOVPRQRF\WHVDQG VWLPXODWHG
PDFURSKDJHV0DQ\ VWXGLHV KDYH GLVFXVVHG WKH OLQN EHWZHHQ
,/ SURPRWHU KDSORW\SHV WR VXVFHSWLELOLW\ RU VHYHULW\ WR
VHYHUDO GLVHDVHV LQFOXGLQJ5KHXPDWRLG$UWKULWLV 5$ $LP
7R DQDO\]H WKH SRO\PRUSKLVP LQ ,/ JHQH DW SRVLWLRQ 
&$DQGFRPSDUH WKHPZLWKPDWFKHGFRQWUROV VLQFH WKH
GDWD LV VFDQW\ LQ ,QGLDQ 5$ SDWLHQWV   5$ SDWLHQWV
DWWHQGLQJ D WHUWLDU\ FDUH UKHXPDWRORJ\ FHQWUH LQ +\GHUDEDG
ZHUHLQFOXGHGDJHDQGJHQGHUPDWFKHGFRQWUROVUHVLGLQJLQ
WKH VDPH FLW\ ZHUH VHOHFWHG 7KH VWXG\ ZDV DSSURYHG E\




E\ D UDSLG QRQHQ]\PDWLF PHWKRG E\ VDOWLQJ RXW WKH FHOOXODU
SURWHLQV E\ GHK\GUDWLRQ DQG SUHFLSLWDWLRQ ZLWK VDWXUDWHG
VRGLXPFKORULGHVROXWLRQ 1XUHPEHUJDQG/DKDUL7KH
SRO\PRUSKLVP ZDV DQDO\]HG XVLQJ 3&55)/3 PHWKRG
5HVXOW &DWHJRU\&&&$$$7RWDO
5$
&RQWUROV  )UHTXHQF\ RI
& DOOHOH LQ 5$ FDVHV DQG FRQWUROV ZHUH  DQG 
UHVSHFWLYHO\ 7KH IUHTXHQF\ RI $ DOOHOH LQ 5$ FDVHV DQG
















07+)5 0755 DQG 075 JHQHV HQFRGH NH\ HQ]\PHV RI
IRODWHPHWDEROLVP7KHUROHRISRO\PRUSKLVPVRI WKHVHJHQHV
LQ WKH SDWKRJHQHVLV RI FDUGLRYDVFXODU GLVHDVHV LQFOXGLQJ
REVWHWULFFRPSOLFDWLRQVFKURPRVRPDOGLVHDVHDQGQHXUDOWXEH
GHIHFWV LQ WKH IHWXV KDV EHHQ UHYHDOHG LQ VRPH SRSXODWLRQV




JHQH DW .D]DNKV 7KH SRO\PRUSKLVPV &7 Ⱥɋ
07+)5Ⱥ*0755DQGȺ*075RIJHQHVRIIRODWH
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PHWDEROLVP ZHUH GHWHFWHG E\ 3&5 5)/3 IROORZHG E\
GLJHVWLRQ ZLWK VSHFLILF UHVWULFWLRQ HQ]\PH )UHTXHQFLHV RI
SRO\PRUSKLVPV RI WKH 07+)5 JHQH VHW EDVHG RQ WKH
PROHFXODUJHQHWLF VWXG\ RI  XQUHODWHG LQGLYLGXDOV RI WKH
.D]DNKV7KHIUHTXHQFLHVRI&7SRO\PRUSKLVPDW.D]DNKV
ZHUH && ±  &7 ±  DQG 77 ±  7KH
IUHTXHQFLHVRI$&SRO\PRUSKLVPVDW.D]DNKVZHUH$$
±  $& ±  DQG && ±  )UHTXHQFLHV RI
SRO\PRUSKLVPVRIWKH0755DQG075JHQHVVHWEDVHGRQWKH
PROHFXODUJHQHWLF VWXG\ RI  XQUHODWHG LQGLYLGXDOV RI WKH
.D]DNKV7KH IUHTXHQFLHV RI$*SRO\PRUSKLVPRI0755
JHQHZHUH$$ ± $*±  DQG**± 7KH
IUHTXHQFLHV RI $* SRO\PRUSKLVP RI 075 JHQH DW
.D]DNKVZHUH$$±$*±DQG**±:H
FRPSDUHG RXU UHVXOWV RI UHVHDUFK ZLWK GDWD IURP VWXGLHV RI
RWKHU HWKQLF JURXSV.D]DNK SRSXODWLRQ DVZHOO DV&DQDGLDQ
,QXLW6RXWK$IULFDQDQGVXE6DKDUDQ$IULFDQVKRZWKHORZHVW
77 KRPR]\JRXV JHQRW\SH RI &707+)5 SRO\PRUSKLVP
LQ WKLV VWXG\$FFRUGLQJ WRDSUHYLRXV UHSRUW RIRWKHUDXWKRUV
WKH 0H[LFDQ SRSXODWLRQ KDV D KLJKHVW IUHTXHQF\ RI 77
JHQRW\SH  7KH SUHYDOHQFH RI && KRPR]\JRVLV RI
$&07+)5SRO\PRUSKLVPZDVQ
WUDUHDPRQJVW.D]DNKV
DQG KDV QR VLJQLILFDQW GLIIHUHQFHV IURP RWKHU ZRUOG

















'XULQJ WKH UHFHQWO\ ODXQFKHG 1DWLRQDO +HPRJORELQRSDWKLHV
6FUHHQLQJSURJUDP WKDWKDV VR IRUFRYHUHGRYHUFDVHV
LQWKH8QLWHG$UDE(PLUDWHVVHYHUDOKHPRJORELQYDULDQWVZHUH
REVHUYHG VRPH RI ZKLFK DUH UDUH 2FFXUUHQFH RI WKHVH UDUH












GLDJQRVLV RI +E )RQWDLQHEOHDX ZDV FRQILUPHG DW PROHFXODU
OHYHO>D*HQH&RGRQ*&7$OD&&73UR@LQDOOWKHVH
FDVHV :H REVHUYHG D FKDUDFWHULVWLF FKURPDWRJUDSKLF SDWWHUQ
RQ+3/& WKDW VXJJHVWV WKH SRVVLELOLW\ RI WKLV YDULDQW ,Q WKLV
















*HQHWLF EORRG GLVRUGHUV UHSUHVHQW D PDMRU SXEOLF KHDOWK
SUREOHP LQ WKLV UHJLRQ6HYHUDO IDFWRUVFRQWULEXWH WR WKHZLGH
SUHYDOHQFHRIJHQHWLFGLVRUGHUVLQWKHUHJLRQDQGWKLVLQFOXGHV
WKH ODFN RI SXEOLF PHDVXUHV GLUHFWHG WRZDUGV WKH HDUO\
UHFRJQLWLRQDQGSUHYHQWLRQRI LQKHULWHGGLVHDVH8$(*HQHWLF
'LVHDVHV$VVRFLDWLRQ8$(*'$LVDQRQSURILWRUJDQL]DWLRQ
HVWDEOLVKHG XQGHU WKH SDWURQDJH RI ++ 6KHLNK 1DK\DQ
0XEDUDN$O1DK\DQ WKH8$(0LQLVWHU RI+LJKHU(GXFDWLRQ
DQG6FLHQWLILF5HVHDUFKZLWKPDLQDLPWRFRQWURODQGSUHYHQW
SRSXODWLRQVSHFLILF JHQHWLF GLVRUGHUV SUHYDOHQW LQ WKH 8QLWHG
$UDE (PLUDWHV 8$(*'$ ILUVW LQLWLDWHG D PDVVLYH SXEOLF
DZDUHQHVVFDPSDLJQXQGHULWVILUVWSURMHFWʊ(PLUDWHVIUHHIURP
QHZ ELUWKV RI FKLOGUHQZLWK 7KDODVVHPLD GLVHDVH E\ WKH \HDU
2012”.7KLVHIIRUWUHVXOWHGLQLQFOXVLRQRI6LFNOHFHOODQG%HWD
7KDODVVHPLD VFUHHQLQJ DV PDQGDWRU\ WHVW XQGHU WKH 8$(
)HGHUDO 3UH0DULWDO OHJLVODWLRQ SURJUDP WKDW DFWLYH VLQFH WKH




LGHQWLI\ FDUULHUV RI YDULRXV KHUHGLWDU\ EORRG GLVRUGHUV
LQFOXGLQJ6LFNOHFHOODQG%HWD7KDODVVHPLDSDUWLFXODUO\LQSUH
PDULWDO DJH JURXS DQG WKH VWXGHQW FRPPXQLW\ VWXG\LQJ LQ



















$PRQJ FRXQWULHV ZKLFK H[SHULHQFH DQ HSLGHPLRORJLFDO
WUDQVLWLRQDWSUHVHQW$OJHULDLVRIJUHDWLQWHUHVWEHFDXVHLWKDV
EHHQVXJJHVWHGWKDWWKHDJHDGMXVWHGLQFLGHQFHUDWHRIFRURQDU\
GHDWKV ZRXOG EH FRPSDUDEOH WR WKRVH REVHUYHG LQ :HVWHUQ
FRXQWULHV*DUURVHWDO+HQFHLQRUGHUWRPHDVXUHWKH
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SUHYDOHQFH RI PDMRU FDUGLRYDVFXODU ULVN IDFWRUV LQ WKLV
SRSXODWLRQZHSHUIRUPHG D FDVHFRQWURO VWXG\RIP\RFDUGLDO
LQIDUFWLRQ EDVHG RQ WKH $OJHULDQ SRSXODWLRQ OLYLQJ LQ 2UDQ
ZKLFK DOORZHGXV WR FRPSDUH WKH OLSLG SURILOH EHWZHHQ FDVHV
DQG FRQWUROV 0pGLqQH HW DO  ,Q WKH SUHVHQWZRUN RXU
DLP ZDV WR HYDOXDWH WKH LPSDFW $32( (((




ZKRVH SDUHQWV DQG JUDQGSDUHQWVZHUH ERUQ LQ$OJHULDZHUH
HOLJLEOHIRULQFOXVLRQLQWKHVWXG\7KHVXEMHFWVZHUHUHFUXLWHG
EHWZHHQDQGDQGZHUHUDQGRPO\VHOHFWHGIURPWKH
OLVWV RI KRXVHKROG DGGUHVVHV REWDLQHG LQ WKH FHQVXV VHUYLFH
2IILFH 1DWLRQDO GH 6WDWLVWLTXHV 7KH $32( (((
JHQRW\SHVZHUH FKDUDFWHUL]HG E\ LQ YLWUR'1$ DPSOLILFDWLRQ
IROORZHGE\DQHQ]\PHGLJHVWLRQVWHSRIWKH3&5SURGXFWVDV




WR EH FRPSDUDEOH WR WKDW REVHUYHG LQ WKH 6RXWKHUQ (XURSHDQ
FRXQWULHV :KHQ FRPSDUHG ZLWK WKH $32( (( IUHTXHQW
JHQRW\SH WKHSUHVHQFHRI WKH$32((DOOHOHZDVDVVRFLDWHG
ZLWK UHGXFHG SODVPD FRQFHQWUDWLRQV RI FKROHVWHURO 
S  /'/&  S  DQG $32% 
S  DQG ZLWK LQFUHDVHG FRQFHQWUDWLRQV RI $32(
 S  ,QWHUHVWLQJO\ QR GLIIHUHQFH LQ SODVPD
FRQFHQWUDWLRQV RI OLSLGV DQG DSROLSRSURWHLQV FRXOG EH
DVVRFLDWHGWRWKH$32((DOOHOH7KHVHUHVXOWVDUHLQFRQWUDVW
ZLWK WKRVHRIQXPHURXVVWXGLHVZKLFKKDYHPDLQO\VXJJHVWHG




DPDWWHU RI IDFW WKH DVVRFLDWLRQ RI WKH$32(( DOOHOHZLWK
HOHYDWHG VHUXP FKROHVWHURO OHYHOV LV JUHDWHU LQ SRSXODWLRQV
FRQVXPLQJ GLHWV HQULFKHG LQ VDWXUDWHG IDW DQG FKROHVWHURO





















*OXFRVHSKRVSKDWH GHK\GURJHQDVH GHILFLHQF\ LV WKH PRVW
FRPPRQKXPDQHQ]\PRSDWK\DIIHFWLQJPRUHWKDQPLOOLRQ
SHRSOH ZRUOGZLGH 3RO\PRUSKLVPV RI WKH *3' JHQH DUH
QXPHURXVZLWKPRVWPXWDWLRQV LGHQWLILHGDUHSRLQWPXWDWLRQV
,Q D SRSXODWLRQZLWK KLJK SUHYDOHQFH UDWH HDUO\ GHWHFWLRQ RI
WKH HQ]\PH GHILFLHQF\ E\ QHRQDWDO VFUHHQLQJ LV GHVLUDEOH LQ




GHILFLHQF\ DPRQJ QHRQDWHV LQ $OH[DQGULD $OVR LW DLPHG DW
GHWHFWLQJ WKH*3'JHQHDOOHOHV0HGLWHUUDQHDQ &7DQG
$$**$DQG WKHLU IUHTXHQFLHVDQG LGHQWLI\LQJ WKH
KHWHUR]\JRWHFDUULHUVDPRQJDYDLODEOHIHPDOHVLQHDFKIDPLO\
DW JHQH OHYHO )LQDOO\ LW DLPHG WR RIIHU SURSHU JHQHWLF
FRXQVHOLQJIRU*3'GHILFLHQWSDWLHQWVDQGWKHLUIDPLOLHV7KH
SUHVHQW VWXG\ZDV FRQGXFWHG RQ  OHIWRYHU EORRGVSRWV RQ
ILOWHU SDSHU FDUGV FROOHFWHG IRU WKH 
1DWLRQDO 3URJUDP RI
1HRQDWDO 6FUHHQLQJ IRU &RQJHQLWDO +\SRWK\URLGLVP
 LQ
$OH[DQGULD $OO WKHVH QHRQDWDO EORRG VDPSOHV ZHUH VFUHHQHG
IRU*3'GHILFLHQF\XVLQJWKHIOXRUHVFHQWVSRWWHVW$OO*3'
GHILFLHQW QHZERUQV ZHUH UHFDOOHG DQG VXEMHFWHG WR
FRQILUPDWLRQ RI WKH GHWHFWHG UHVXOW 7KRVH FRQILUPHG *3'
GHILFLHQW QHRQDWHV WRJHWKHU ZLWK DQRWKHU  *3' GHILFLHQW
SDWLHQWVUHIHUUHGIURP$O6KDWE\3HGLDWULF8QLYHUVLW\+RVSLWDO
ZHUH VXEMHFWHG WR KLVWRU\ WDNLQJ DQG FOLQLFDO JHQHWLF
H[DPLQDWLRQ %RWK JURXSV ZHUH LQFOXGHG LQ WKH PROHFXODU
VWXG\ XVLQJ 3&55)/3 WHFKQLTXH IRU GHWHFWLRQ RI WKH WKUHH
FRPPRQ*3'JHQHPXWDWLRQV&7$*DQG*$
DQG LGHQWLILFDWLRQ RI KHWHUR]\JRWH FDUULHUV DPRQJ DYDLODEOH
IHPDOHUHODWLYHVRIFDVHV7KHUHVXOWVRIWKLVVWXG\UHYHDOHGWKH
IROORZLQJ  $PRQJ  QHRQDWDO EORRG VDPSOHV PDOH WR
IHPDOHUDWLRZDV7HQPDOHVZHUHSURYHGWREH*3'
GHILFLHQW ZLWK DQ HVWLPDWHG SUHYDOHQFH RI  DPRQJPDOH
QHRQDWHVDQGDPRQJQHRQDWHVLQJHQHUDO$PRQJWKH
*3' GHILFLHQW QHRQDWHV RQH  VXIIHUHG IURP QHRQDWDO
MDXQGLFHZKLFKLQGLFDWHGWKHXVHRISKRWRWKHUDS\$PRQJWKH
 V\PSWRPDWLF *3' GHILFLHQW SDWLHQWV UHIHUUHG IURP $O
6KDWE\8QLYHUVLW\+RVSLWDOZHUHPDOHVDQGZHUHIHPDOHV
7KH ILUVW DWWDFN RI KHPRO\VLV ZDV PRVW FRPPRQO\  
WULJJHUHG E\ LQJHVWLRQ RI IDYD EHDQV )LYH SDWLHQWV 
GHYHORSHG QHRQDWDO MDXQGLFH  PDOHV DQG  IHPDOH  7KH
*3'0HGLWHUUDQHDQDOOHOH&7ZDVGHWHFWHGLQRI
FDVHVZKLOH*3'$DOOHOH$**$ZDVGHWHFWHGLQ
RI FDVHV ,QRI FDVHVQRQHRI WKHPXWDWLRQVZHUH
GHWHFWHG $PRQJ WKH  IHPDOH UHODWLYHV RI WKH FDVHV ZLWK
NQRZQ PXWDWLRQV RQH ZDV LGHQWLILHG WR EH KHWHUR]\JRXV
FDUULHU RI 0HGLWHUUDQHDQ DOOHOH DQG  ZHUH LGHQWLILHG WR EH
KHWHUR]\JRXVFDUULHURI*3'$DOOHOH$**$7KH
FRQFOXVLRQV DUH  *3' GHILFLHQF\ LV RQH RI WKH FRPPRQ
HQ]\PHGHIHFWV DPRQJQHRQDWHV LQ$OH[DQGULDZLWK SRWHQWLDO
OLIH WKUHDWHQLQJ FRPSOLFDWLRQV  1HZERUQ VFUHHQLQJ LV DQ
HVVHQWLDO SUHYHQWLYH PHDVXUH DJDLQVW GHDWK DQG GLVDELOLW\
FDXVHG E\ *3' GHILFLHQF\  %RWK 0HG &7 PXWDWLRQ




















*HQHWLFDOO\ WUDQVPLWWHG UHQDO GLVHDVHV FRQVWLWXWH D VLJQLILFDQW





RI HQG UHQDO GLVHDVH LQ FKLOGUHQ 13+3 LV JHQHWLFDOO\
KHWHURJHQHRXV 7HQ JHQHV UHVSRQVLEOH IRU GLIIHUHQW W\SHV RI
13+3 KDYH EHHQ LGHQWLILHG 13+3 WR 13+3 DQG
13+313+3PXWDWLRQVZHUHIRXQGLQRIMXYHQLOH
13+3 LQ (XURSH 7KH PDMRU 13+3 JHQH GHIHFW LV D ODUJH
KRPR]\JRXV GHOHWLRQ $LP 7R GHWHUPLQH IUHTXHQF\ RI
13+3 JHQH GHOHWLRQ LQ D VDPSOH RI SDWLHQWV ZLWK FOLQLFDO
SLFWXUHVRIWXEXORLQWHUVWLWLDONLGQH\GLVRUGHUDQGFKURQLFUHQDO
IDLOXUHDQG WRHVWDEOLVKD VWDQGDUGL]HG VFKHPH IRU WKHJHQHWLF
GLDJQRVLV RI 13+3 LQ 7XQLVLDQ SRSXODWLRQ $ 6DPSOH RI 
SDWLHQWVEHORQJLQJ WRXQUHODWHG IDPLOLHVZDVHYDOXDWHG






RQH SDWLHQW RI HDFK QRQ KRPR]\JRXV GHOHWHG IDPLO\ XVLQJ 
PLFURVDWHOOLWH PDUNHUV 3DWLHQWV VKRZLQJ KRPR]\JRVLW\ IRU
PDUNHUVZLWKLQ WKH13+3 JHQH UHJLRQZLOO EH VFUHHQHG IRU
PXWDWLRQ LQ WKH13+3 H[RQV13+3JHQH GHOHWLRQZDV
REVHUYHG LQ  XQUHODWHG SDWLHQWV $OO RI WKHVH SDWLHQWV KDYH
WKH VDPH ODUJH GHOHWLRQ HQFRPSDVVLQJ WKH HQWLUH JHQH
)UHTXHQF\RI13+3JHQHGHOHWLRQLVFDOFXODWHGDVRIDOO
XQUHODWHG SDWLHQWV DQG   RI WKH  FDVHV RI VWURQJO\
VXVSHFWHG 13+3 )RU WKH  SDWLHQWV ZLWKRXW GHOHWLRQ QR
KRPR]\JRVLW\IRUPDUNHUVZLWKLQWKH13+3JHQHUHJLRQZDV
SURYHQ 13+3 LV WKHPRVW IUHTXHQW 13+3 LQ 7XQLVLD 7KLV













2VWHRJHQHVLV LPSHUIHFWD 2, LV D V\VWHP GLVRUGHU
FKDUDFWHUL]HGE\ZLGHSKHQRW\SLFYDULDWLRQPRVWRIZKLFK LV
ERQH IUDJLOLW\ 7KH PDMRULW\ RI SDWLHQWV DERXW  ZLWK D
FOLQLFDO GLDJQRVLV RI 2, KDYH PXWDWLRQV LQ &2/$ RU
&2/$ WKH JHQHV HQFRGLQJ Į  , RU Į  , FKDLQV RI
FROODJHQW\SH,WKHPDMRUVWUXFWXUDOSURWHLQIRXQGLQERQH:H
DLPHGWRGHILQHPXWDWLRQVDQGSRO\PRUSKLVPVDQGWRFKHFND
SRVVLEOH LQWHUDFWLRQ HIIHFWV RU UHODWLRQV EHWZHHQ WKHP DQG WR
GHILQHULVNGHYHORSPHQWRIIUDFWXUHV:HH[DPLQHGSDWLHQWV
IURP  IDPLOLHV ZLWK 2, DQG  KHDOWK\ FRQWUROV  7KH
DQDO\VLV RI &2/$ JHQH ZDV FDUULHG RXW &RQWUROV ZHUH
PDWFKHGIRUDJHJHQGHUHWKQLFRULJLQDQGDUHDUHVLGHQFH$OO
VDPSOHVZHUH VFUHHQHGXVLQJ66&3 DQDO\VLV DQG GLUHFW'1$
VHTXHQFLQJ RI DOO H[RQV RI &2/$ JHQH 5HVXOWV ZH KDYH
LGHQWLILHG SUHYLRXVO\ XQUHSRUWHG PXWDWLRQ RI &2/$




SUREDQG KDVQµW GHQWLQRJHQHVLV LPSHUIHFWD :H DOVR KDYH
LGHQWLILHG PXWDWLRQV ZKLFK KDYH EHHQ GHVFULEHG SUHYLRXVO\
F&!7 S$UJ; F&!7 S$UJ; DQG
F&!7 S *OQ; ZKLFK OHDG WR VWRS FRGRQ 7ZR
IUDPHVKLIW PXWDWLRQV ZHUH IRXQG LQ  XQUHODWHG SDWLHQWV
FGHO7 S*O\9DO IV; DQG FGHO*
S*O\$ODIV; 1RQVHQVH DQG IUDPHVKLIW PXWDWLRQV
ERWK OHDG WR TXDQWLWDWLYH GHFUHDVH LQ W\SH , SURFROODJHQ $OO
PXWDWLRQVZKLFKZHIRXQGZHUHDVVRFLDWHGZLWKDPLOGIRUPRI
WKHGLVHDVH2,:HKDYHDOVRLGHQWLILHGSRO\PRUSKLVPVLQ
&2/$ JHQH ZKLFK KDYH EHHQ UHSRUWHG HDUOLHU 7ZR
XQNQRZQ FKDQJHV FGHO7 DQG FLQV ZKLFK
IXQFWLRQDO UROH VKRXOG EH GHWHUPLQHG ZHUH LGHQWLILHG LQ 
SUREDQG 7KUHH SRO\PRUSKLVPV *7 LQGHO7 DQG
*7 LQ
 UHJLRQRI&2/$JHQHZHUH VKRZQ WREH
DVVRFLDWHGZLWKKLJKULVNRIIUDFWXUHV*7JHQRW\SHZDV
VKRZQWREHWKHIDFWRUULVNRIIUDFWXUHGHYHORSPHQW25 
&,  ZKLOH ** JHQRW\SH PLJKW EH
FRQVLGHUHG DV D SURWHFWLYH RQH 25  &, 
$OOHOHDQGJHQRW\SHIUHTXHQFLHVGLVWULEXWLRQLQ*7DQG
LQGHO7 SRO\PRUSKLVPV EHWZHHQ2, SDWLHQWV DQG FRQWURO
JURXSZHUHQRWVWDWLVWLFDOO\VLJQLILFDQW6WDWLVWLFDOO\VLJQLILFDQW
GLIIHUHQFHV ZHUH GHPRQVWUDWHG WR JHQRW\SH FRPELQDWLRQV RI
&2/,$ SRO\PRUSKLVPV *7 LQGHO7 DQG
*7EHWZHHQLQGLYLGXDOVZLWK2,DQGFRQWUROJURXS
 *HQRW\SHV FRPELQDWLRQ *7,'*7
ZDV DVVRFLDWHG ZLWK KLJK ULVN RI IUDFWXUH GHYHORSPHQW
25  &,  ZKLOH FRPELQDWLRQ 
**,,** ZDV VKRZQ WR EH SURWHFWLYH
25  &,  7KH IUHTXHQFLHV RI UHPDLQLQJ
SRO\PRUSKLVPV DSSHDUHG WR EH WKH VDPH DV LQ FRQWUROV ,Q
FRQFOXVLRQ  PXWDWLRQV ZHUH LGHQWLILHG LQ  XQUHODWHG
SUREDQGV ZLWK 2, IRXU RI WKHP ZHUH QRQVHQVH  PXWDWLRQ
SUHYLRXVO\ XQUHSRUWHG WZR  IUDPHVKLIWPXWDWLRQV:H KDYH
LGHQWLILHG  SRO\PRUSKLVPV RQO\  SRO\PRUSKLVPV LQ 

UHJLRQ RI&2/$JHQHZHUH DVVRFLDWHGZLWK IUHTXHQFLHV RI
IUDFWXUHV 7KHVH SRO\PRUSKLVPV FRQWULEXWH WR WKH IUDJLOLW\ RI
WKH ERQHV UHPDLQLQJ SRO\PRUSKLVPV ZHUH QHXWUDO:H KDYH












&ULJOHU1DMMDU V\QGURPH &1 FKDUDFWHUL]HG E\ VHYHUH
XQFRQMXJDWHG K\SHUELOLUXELQHPLD LV FDXVHG E\ GHILFLHQF\ RI
HUGO J (2011) 5:1–346 231
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8*7LVRIRUP$8*7$7RVWXG\WKHPROHFXODUJHQHWLF
FDXVH RI &ULJODU1DMMDU V\QGURPH LQ WKUHH FRQVDQJXLQHRXV
3DNLVWDQL IDPLOLHV $% DQG& JHQRW\SLQJ RI  LQGLYLGXDOV
ZDV FDUULHG RXW E\ XVLQJ SRO\PRUSKLFPLFURVDWHOOLWHPDUNHUV
WKDW DUH FORVHO\ OLQNHG WR WKH8*7$JHQH RQ FKURPRVRPH
T7KHUHVXOWVUHYHDOHGWKDWSUREDQGVLQWKHWKUHHIDPLOLHV
ZHUH KRPR]\JRXV IRU WKHPDUNHUV '6 '6 DQG
'6 VXJJHVWLQJ OLQNDJH WR WKH8*7$ ORFXV6HTXHQFH
DQDO\VLV RI WKH FRGLQJ H[RQV DQG VSOLFH MXQFWLRQV RI WKH
8*7$ JHQH UHYHDOHG WKUHH QRYHO PXWDWLRQV ZKLFK ZHUH
DQDO\]HGE\ELRLQIRUPDWLFPXWDWLRQDQDO\VLV,QWKHSUREDQGRI
IDPLO\ $ D KRPR]\JRXV $ ! * WUDQVLWLRQ DW QXFOHRWLGH
SRVLWLRQ  ZDV LGHQWLILHG SUHGLFWLQJ W\URVLQH WR F\VWHLQH
DPLQRDFLGVXEVWLWXWLRQ LQ WKHSURWHLQ7KHSUREDQGRIIDPLO\
% VKRZHG KRPR]\JRXV * WR $ WUDQVLWLRQ RI QXFOHRWLGH 
SUHGLFWLQJDVSDUWLFDFLGWRDVSDUDJLQHDPLQRDFLGVXEVWLWXWLRQ
$Q LQVHUWLRQ RI IRXU EDVH SDLUV BGHO$*&& ZDV
LGHQWLILHG LQ SUREDQG & OHDGLQJ WR SUHPDWXUH VWRS FRGRQ DW
DPLQR DFLG SRVLWLRQ  RI WKH SURWHLQ ,Q HDFK FDVH WKH
PXWDWLRQ ZDV SUHVHQW LQ WKH KHWHUR]\JRXV VWDWH LQ REOLJDWH





QRQH RI WKHP ZDV D QHXWUDO SRO\PRUSKLVP 7KH SURPRWHU
DQDO\VLV VKRZHG WKDW SUREDQG RI IDPLO\$ KDV$7$7$$
VHTXHQFHZKLOHSUREDQGV%DQG&KDYHQRUPDO$7$7$$


















'HDIQHVV LV DQ HWLRORJLFDOO\ KHWHURJHQHRXV WUDLW ZLWK D ZLGH
YDULHW\ RI JHQHWLF DQG HQYLURQPHQWDO FDXVHV ,W LV JHQHUDOO\
FRQVLGHUHG WKDWJHQHWLF IDFWRUVDFFRXQW IRU DW OHDVWKDOIRI DOO
FDVHVRISURIRXQGFRQJHQLWDOGHDIQHVVZKLFKFDQEHFODVVLILHG
LQWZRFDWHJRULHVGRPLQDQWRUUHFHVVLYHDFFRUGLQJWRWKHPRGH
RI LQKHULWDQFH DQG LQ WZR W\SHV V\QGURPLF RU QRQV\QGURPLF
DFFRUGLQJ WR WKH SUHVHQFH RU DEVHQFH RI VRPH RWKHU VSHFLILF
FOLQLFDO IHDWXUHV 6\QGURPH RI -HUYHOO DQG /DQJH1LHOVHQ
FRPELQHVFRQJHQLWDOGHDIQHVVZLWKELODWHUDOOHQJWKHQLQJRIWKH
47 LQWHUYDO RI WKH HOHFWURFDUGLRJUDP WKDQ  PV 7KLV
OHQJWKHQLQJ RI WKH 47 LQWHUYDO LV UHVSRQVLEOH IRU YHQWULFXODU
WDFK\FDUGLD WRUVDGHV DQG YHQWULFXODU ILEULOODWLRQ UHVXOWLQJ
FOLQLFDOO\ E\ V\QFRSH RU VXGGHQ GHDWK 3DWLHQWV ZLWK WKLV
V\QGURPH YHU\ UDUH FRPELQDWLRQ RI FRQJHQLWDO GHDIQHVVZLWK
VHYHUHFDUGLDFDUUK\WKPLDVDUHJHQHUDOO\OLPLWHGVXUYLYDOLQWKH
DEVHQFH RI WUHDWPHQW DQG DUH GHULYHG PRVWO\ IURP
FRQVDQJXLQHRXV SDUHQWV %RWK JHQHV DUH .9/47 YROWDJH
JDWHG SRWDVVLXP FKDQQHO .47OLNH VXEIDPLO\ PHPEHU 
ZKLFK IRUPV YROWDJHJDWHG SRWDVVLXP FKDQQHOV DQG WKH JHQH
.&1(SRWDVVLXPYROWDJHJDWHGFKDQQHO ,VNUHODWHG IDPLO\
PHPEHU  ZKLFK HQFRGHV WKH EHWD VXEXQLW RI WKH SRWDVVLXP
FKDQQHO UHVSRQVLEOH IRU WKH FXUUHQW ,.6:H UHSRUW KHUH WKH
ILUVW VWXG\ IRU V\QGURPLF GHDIQHVV LQ RQH 0RURFFDQ IDPLO\
ZLWKFDUGLDFDUUK\WKPLDVDQGFRQJHQLWDOGHDIQHVV6HTXHQFLQJ
RI .&1( JHQH UHYHDOHG WKDW WKLV IDPLO\ ZDV DFWXDOO\
KDUERULQJ WKH WUDQVLWLRQ $ * DW SRVLWLRQ  7KLVPXWDWLRQ
ZDVSUHVHQW LQKHWHUR]\JRXV IRUP LQSUREDQGVDQG LQQRUPDO
KHDULQJ SDWLHQWV 7KLV UHVXOW FRQILUPV WKDW WKH PXWDWLRQ $*
ZDV QRW LPSOLFDWHG LQ GHDIQHVV LQ 0RURFFDQ IDPLOLHV EXW LW












4DWDU DV DOO RWKHU $UDE FRXQWULHV KDV D YHU\ KLJK UDWH RI
FRQVDQJXLQLW\IHPDOHIHUWLOLW\DQGPDWHUQDODJHUHVXOWLQJLQD
SUHSRQGHUDQFHRIJHQHWLFGLVRUGHUV:HXQGHUWRRNDVWXG\RQ
JHQHWLF GLVRUGHUV UHSRUWHG IURP 4DWDU IRU LQFOXVLRQ LQ WKH
&DWDORJXH IRU 7UDQVPLVVLRQ *HQHWLFV LQ $UDEV &7*$
'DWDEDVH7KLVIROORZVWKHVXFFHVVIXOFROOHFWLRQRIVLPLODUGDWD
IURP WKH 8QLWHG $UDE (PLUDWHV %DKUDLQ DQG 2PDQ  7KH
PHWKRGRORJ\LQYROYHGDWDUJHWHGVHDUFKRI3XE0HGDVZHOODV
UHJLRQDO QRQLQGH[HG MRXUQDOV IROORZHG E\ D PRUH LQWHQVLYH
PDQXDOVFUHHQLQJ7KHFRPSOHWHGVXUYH\\LHOGHGGDWDIRU
JHQHWLF GLVRUGHUV LQ WKH$UDE SRSXODWLRQ RI 4DWDU 0DQ\ RI
WKHVH GLVRUGHUV VXFK DV WKDODVVHPLDV 'RZQ V\QGURPH
V\VWHPLF OXSXV HU\WKHPDWRVXV GLDEHWHV PHOOLWXV DQG QHXUDO
WXEHGHIHFWVZHUHIRXQGWREHFRPPRQEHWZHHQ4DWDUDQGLWV
QHLJKERULQJ*XOI&RRSHUDWLRQ&RXQFLOFRXQWULHV2QWKHRWKHU
KDQG  GLVRUGHUV DUH IRXQG WR EH SULYDWH IRU WKH 4DWDUL
SRSXODWLRQ7KLVDGGVXSWRDORQJOLVWRISULYDWHGLVRUGHUV
LQ2PDQLQWKH8QLWHG$UDE(PLUDWHVDQGLQ%DKUDLQ
%HVLGHV XQOLNH WKH JHQHUDO DVVXPSWLRQ WKDW PRUH DXWRVRPDO
UHFHVVLYH  WKDQ DXWRVRPDO GRPLQDQW  GLVRUGHUV
RFFXU LQ$UDE SRSXODWLRQV LQ4DWDU VLPLODU WR%DKUDLQ ERWK
DXWRVRPDO GRPLQDQW DQG DXWRVRPDO UHFHVVLYH GLVRUGHUV ZHUH




QXWULWLRQDO DQG PHWDEROLF GLVHDVHV  GLVHDVHV RI WKH
EORRG DQG WKH LPPXQH PHFKDQLVP LQFOXGLQJ
KHPRJORELQRSDWKLHV DQG EORRG FDQFHUV  QHRSODVPV
 DQG GLVHDVHV RI WKH QHUYRXV V\VWHP   :KLOH
DQDO\]LQJ WKH LQFLGHQFH UDWHV RI WKHVH GLVHDVHV LW LV REYLRXV
WKDW'RZQV\QGURPHDQGK\GURFHSKDOXVDFKLHYHG WKHKLJKHVW
UDWHVLQ4DWDU,QFHUWDLQLQVWDQFHVVRPHRWKHUGLVRUGHUVKDYH
DWWDLQHG ZRUOG UHFRUG YDOXHV LQ 4DWDU VXFK DV FODVVLFDO
KRPRF\VWLQXULD GHPRQVWUDWLQJ DQ LQFLGHQFH RI  DQG D
FDUULHU UDWHRIDERXWRI WKH4DWDULSRSXODWLRQ 0RUHRYHU
WKH VXUYH\ DOVR UHVXOWHG LQ WKH DYDLODELOLW\ RI GDWD RQ 






















1HXURQDO FHURLG OLSRIXVFLQRVLV 1&/ DOVR NQRZQ DV %DWWHQ




VHL]XUHV DQG YLVLRQ ORVV 0RVW RI WKH GDPDJH LV FDXVHG E\
DFFXPXODWLRQ RI DXWRIOXRUHVFHQW OLSRSLJPHQWV UHVHPEOLQJ
FHURLGDQGOLSRIXVFLQ1&/DIIHFWERWKPDOHVDQGIHPDOHVDQG
KDV ZRUOGZLGH SUHYDOHQFH RI  LQ  SHRSOH
6HYHUDO UHFHVVLYH IDPLOLHV DQG VSRUDGLF FDVHV ZLWK YDULDEOH
FOLQLFDO SUHVHQWDWLRQ KDYH EHHQ UHSRUWHG 1XPHURXV ORVVRI
IXQFWLRQ PXWDWLRQV KDYH EHHQ LGHQWLILHG LQ WKH FHURLG
OLSRIXVFLQRVLVQHXURQDOJHQH&/1LQ1&/LQGLYLGXDOVIURP
YDULRXV HWKQLF JURXSV :H KDYH LQYHVWLJDWHG D 1&/ IDPLO\
ZLWKDQDSSDUHQWDXWRVRPDOUHFHVVLYHPRGHRILQKHULWDQFH7KH
IDPLO\LVRULJLQDOO\IURPWKH,QGLDQVWDWHRI.HUDODFRQVLVWVRI
WZR DIIHFWHG IHPDOHV ERUQ WR D QRQFRQVDQJXLQHRXV SDUHQWV
7KH DJH RI RQVHW ZDV WZRWKUHH \HDUV PDQLIHVWHG E\
SURJUHVVLYH GHJHQHUDWLYH GLVRUGHU PLFURFHSKDO\ VHL]XUHV









QRYHOKRPR]\JRXV VSOLFLQJPXWDWLRQ ,96!*!$ LQERWK
WKH DIIHFWHG FKLOGUHQ KRZHYHU WKH SDUHQWV ZHUH IRXQG WR EH
KHWHUR]\JRXV7KHPXWDWLRQFKDQJHV*WR$DWILIWKSRVLWLRQLQ
LQWURQRIWKH&/1JHQH7KLVPXWDWLRQZDVQRWREVHUYHGLQ
QRUPDO FRQWUROV IURP WKH VDPH JHRJUDSKLF UHJLRQ ,W LV
H[SHFWHGWKDWWKH1&/SKHQRW\SHLQWKHSUHVHQWIDPLO\LVGXH
WR WKH SUHVHQW VSOLFH YDULDQW )XUWKHU SUHQDWDO GLDJQRVLV RI
VXEVHTXHQW SUHJQDQF\ UHYHDOHG D KHWHUR]\JRXV IHWXV  $














6\VWHPLF OXSXV HU\WKHPDWRVXV 6/( LV DQ DXWRLPPXQH
LQIODPPDWRU\ GLVHDVH ZLWK D UHODWLYHO\ VWURQJ JHQHWLF
FRPSRQHQW VLEOLQJ ULVN UDWLR  V 2XU SUHYLRXV JHQRPH
VFDQPHWDDQDO\VLVXVLQJ LQGHSHQGHQWJHQRPHZLGH OLQNDJH
UHVXOWV LGHQWLILHG ST DV WKH VHFRQGVWURQJHVW 6/(
OLQNDJH VLJQDO 7R LGHQWLI\ 6/( VXVFHSWLELOLW\ JHQHV XQGHU
WKLV OLQNDJH VLJQDO ZH SHUIRUPHG FDVHFRQWURO DVVRFLDWLRQ
DQDO\VLV LQ LQGLYLGXDOVZLWK$IULFDQDQG(XURSHDQDQFHVWULHV
8VLQJD WUDQVHWKQLFPDSSLQJDSSURDFKZHLGHQWLILHGDQRYHO
QRQV\QRQ\PRXV YDULDQW UV ZLWKLQ ,7*$0 JHQH
DVVRFLDWHG ZLWK 6/( VXVFHSWLELOLW\ 5HFHQWO\ XVLQJ JHQRPH
ZLGHDVVRFLDWLRQDSSURDFKVWXGLHVLQGHSHQGHQWO\FRQILUPHG
DVVRFLDWLRQ EHWZHHQ 6/( VXVFHSWLELOLW\ DQG WKH,7*$0
,7*$; UHJLRQ 7KHUHIRUH EDVHG RQ WKVH DYDLODEOH GDWD ZH
K\SRWKHVL]HWKDWPXOWLSOHLQGHSHQGHQWSRVVLEO\HWKQLFVSHFLILF
SUHGLVSRVLQJ YDULDQWV ZLWKLQ WKH ,7*$0,7*$; UHJLRQ DUH
DVVRFLDWHG ZLWK 6/( 2XU REMHFWLYH LV WR SHUIRUP D
FRPSUHKHQVLYH DQDO\VLV WR DVVHVV ZKHWKHU VLQJOH RU PXOWLSOH
FDXVDOYDULDQWVIURPWKH,7*$0,7*$0UHJLRQDUHLQYROYHG
LQ 6/( VXVFHSWLELOLW\ DFURVV  LQGHSHQGHQW GDWD VHWV
1  'DWD VHWV LQFOXGH  (XURSHDQGHULYHG
SRSXODWLRQV (XURSHDQ$PHULFDQ ($  FDVHV
FRQWUROV DQG 8.   DV ZHOO DV  $IULFDQGHULYHG
SRSXODWLRQV$IULFDQ$PHULFDQ$$DQG*XOODK
*+  :H XVHG ERWK UHDO JHQRW\SHG GDWD DQG WKH
*HQRPHV 3URMHFW GDWD DV D UHIHUHQFH SDQHO WR LPSXWH
613V LQ WKLV UHJLRQ 7KLV DSSURDFK DOORZHG DQDO\VLV RI
YLUWXDOO\ DOO FRPPRQ 613V DW OHDVW ILYHIROG LQFUHDVH LQ
PDUNHU GHQVLW\ RYHU +DS0DS ZLWKLQ WKH ,7*$0,7*$;
UHJLRQ,PSXWDWLRQEDVHGDVVRFLDWLRQDQDO\VHVZHUHSHUIRUPHG
IRUVLQJOHDQGPXOWLSOH613EDVHGKDSORW\SHV7RFRUUHFWIRU
SRSXODWLRQ VWUDWLILFDWLRQ HIIHFW LQ DVVRFLDWLRQ ZH XVHG 
DQFHVWU\ LQIRUPDWLYH PDUNHUV DQG DSSOLHG ERWK ORJLVWLF
UHJUHVVLRQDQGSULQFLSDOFRPSRQHQWDQDO\VLV/'SDWWHUQVDQG
FRQGLWLRQDO ORJLVWLF UHJUHVVLRQ DQDO\VLV ZHUH SHUIRUPHG WR
DVVHVV WKH LQGHSHQGHQFHEHWZHHQ613V$PHWDDQDO\VLVZDV




IURP WKH ,7*$0,7*$;UHJLRQ:H LGHQWLILHG613V LQ
&(8 DQG  613V LQ <5, IURP *HQRPHV GDWDEDVH
2QFH UDUH PLQRU DOOHOH IUHTXHQF\ 613VZHUH UHPRYHG
&(8DQG<5,613VZHUHDYDLODEOHIRULPSXWDWLRQ
EDVHG DQDO\VLV $OWKRXJK RXU DQDO\VLV LGHQWLILHG PXOWLSOH
DVVRFLDWHG YDULDQWV EDVHG RQ /' VWUXFWXUH DQG VXEVHTXHQW
FRQGLWLRQDODQDO\VLVWKHEHVWVLJQLILFDQW613ZDVLGHQWLILHGDV
UVLQDOOSRSXODWLRQV($S (8.S (
$$ S ( *+ S  0HWDDQDO\VLV UHVXOWV DUH
VLJQLILFDQWWKHRYHUDOOSYDOXHXVLQJDOOGDWDVHWVDUHS (
 25   &,  +RZHYHU ZH FRXOG QRW
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LGHQWLI\ RWKHU 6/( SUHGLVSRVLQJ YDULDQWV EHVLGHV UV
)LQDOO\ZHDOVRZHDOVRLGHQWLILHGWKHVLJQLILFDQWGLIIHUHQFHLQ
P51$SDQGSURWHLQSEHWZHHQULVN$$DQG
QRQULVN ** LQGLYLGXDOV 2XU FRPSUHKHQVLYH LPSXWDWLRQ
EDVHG DVVRFLDWLRQ DQDO\VLV UHFRQILUPHG WKH H[RQFRGLQJ
613 UV 5+ H[SODLQHG WKH HQWLUH ,7*$06/(
DVVRFLDWLRQ ,7*$0 GLVFRYHU\ LV D SHUIHFW H[DPSOH IRU D
















&RQVDQJXLQLW\ LVFRPPRQ LQ3DNLVWDQ ,QD VWXG\E\+XVVDLQ
DQG %LWWOHV   RI 3DNLVWDQL PDUULDJHV DUH
FRQVDQJXLQHRXV DQG RXW RI WKHVH  DUH ILUVW FRXVLQV
$XWRVRPDO UHFHVVLYH GLVRUGHUV DUH UHODWHG WR FRQVDQJXLQLW\
DQG DSSUR[LPDWHO\  RI VSRUDGLF XQGLDJQRVHG FDVHV RI
PHQWDO UHWDUGDWLRQ FRQJHQLWDO DQRPDOLHV DQG G\VPRUSKLVP
PD\ KDYH DQ DXWRVRPDO UHFHVVLYH HWLRORJ\ ZLWK ULVNV RI
UHFXUUHQFH LQ IXWXUH SUHJQDQFLHV 7KH REMHFWLYH RI WKH VWXG\
ZDV WR GHWHUPLQH WKH QXPEHU RI FRQVDQJXLQHRXV XQLRQV LQ
SDUHQWVRIFKLOGUHQERUQZLWKFRQJHQLWDODQRPDOLHV7KHVWXG\
SRSXODWLRQ FRPSULVHG RI  SUHJQDQW ZRPHQ FRPLQJ IRU
GHOLYHU\WHUPLQDWLRQ WR 2EVWHWULFV 'HSDUWPHQW )HGHUDO
6HUYLFHV +RVSLWDO ,VODPDEDG -DQ -XQH  ,Q WKH
VWXG\VDPSOHFRQVDQJXLQHRXVFRXSOHVZHUHDQGQRQ
FRQVDQJXLQHRXV ,Q FRQVDQJXLQHRXV XQLRQV  ZHUH ILUVW
FRXVLQV 7KH PDMRULW\ RI FRQJHQLWDO DQRPDOLHV HQFRXQWHUHG
ZHUHQHXUDO WXEHGHIHFWVDQHQFHSKDO\VSLQD
ELILGDDQGPHQLQJRFHOH(WLRORJLFDOO\PRVWRI
FRQJHQLWDO DQRPDOLHV DUH DXWRVRPDO UHFHVVLYH DQG
PXOWLIDFWRULDO,QWKHVWXG\VDPSOHRISDWLHQWVZHUHIURP
XUEDQ DUHDV DQG  ZHUH IURP UXUDO DUHDV 0DMRULW\ RI
SDWLHQWV ZHUH LOOLWHUDWH RU HGXFDWHG RQO\ XS WR SULPDU\ OHYHO
DQG EHORQJHG WR ORZHU VRFLRHFRQRPLF FODVV  7KH FRQJHQLWDO
DQRPDOLHV HQFRXQWHUHGZHUH DXWRVRPDO UHFHVVLYHZLWK ULVNRI
UHFXUUHQFH LQ VXEVHTXHQW SUHJQDQFLHV *HQHWLF FRXQVHOLQJ
FRXOG EH EHQHILFLDO IRU FRQVDQJXLQHRXV FRXSOHV 7KHUH LV D

















7KH SUHYDOHQFH RI 1HXUDO 7XEH 'HIHFWV LV KLJK LQ 3DNLVWDQ
'DLO\FRQVXPSWLRQRIDVXSSOHPHQWFRQWDLQLQJPJRIIROLF
DFLG EHIRUH DQG GXULQJ WKH ILUVW WULPHVWHU RI SUHJQDQF\ KDV
EHHQVKRZQ WREHHIIHFWLYH LQSUHYHQWLQJERWK WKHRFFXUUHQFH
DQGUHFXUUHQFHRI1HXUDO7XEH'HIHFWV7KHVWXG\SRSXODWLRQ
FRPSULVHG RI  SUHJQDQW ZRPHQ FRPLQJ IRU
GHOLYHU\WHUPLQDWLRQ WR 2EVWHWULFV 'HSDUWPHQW )HGHUDO
6HUYLFHV +RVSLWDO ,VODPDEDG -DQ -XQH   $PRQJ
WKH FRQJHQLWDO DQRPDOLHV QHXUDO WXEH GHIHFWVZHUH 
DQHQFHSKDO\  VSLQD ELILGD  PHQLQJRFHOH
 ,Q WKH VWXG\ VDPSOH  RI ZRPHQ WRRN LURQ RU
PXOWLYLWDPLQ 3UHSDUDWLRQV 'LHWDU\ LQWDNH RI IRRG FRQWDLQLQJ
IROLFDFLGZDVLQDGHTXDWH)ROLFDFLGDZDUHQHVVZDVDQG
NQRZOHGJHUHJDUGLQJUROHRIIROLFDFLGLQSUHYHQWLRQRIQHXUDO
WXEH GHIHFWV ZDV ]HUR SHUFHQW  ,Q WKH VWXG\ VDPSOH  RI
SDWLHQWVZHUHIURPXUEDQDUHDVDQGZHUHIURPUXUDODUHDV
0DMRULW\ RI SDWLHQWV ZHUH LOOLWHUDWH RU HGXFDWHG RQO\ XS WR
SULPDU\ OHYHO DQG EHORQJHG WR ORZHU 6RFLRHFRQRPLF FODVV
7KHOHYHORIIROLFDFLGDZDUHQHVVNQRZOHGJHDQGXVHRIIROLF
DFLG LV H[WUHPHO\ ORZ (IIRUWV LQFOXGLQJ SXEOLF KHDOWK
FDPSDLJQVDLPHGDW LQFUHDVLQJWKHDZDUHQHVVNQRZOHGJHDQG
SHULFRQFHSWLRQDO XVH RI IROLF DFLG DUH XUJHQWO\ QHHG ERWK LQ














&RQJHQLWDO JHQHUDOL]HG OLSRG\VWURSK\ &*/ LV D UDUH
DXWRVRPDO UHFHVVLYH GLVHDVH WKDW LV FKDUDFWHUL]HG E\ D QHDU
FRPSOHWHDEVHQFHRIDGLSRVHWLVVXHIURPELUWKRUHDUO\LQIDQF\
0XWDWLRQVLQWKH%6&/JHQHDUHNQRZQWRUHVXOWLQ&*/D
PRUH VHYHUH SKHQRW\SH WKDQ &*/ ZLWK HDUOLHU RQVHW PRUH
H[WHQVLYH IDW ORVV DQG ELRFKHPLFDO FKDQJHV PRUH VHYHUH
LQWHOOHFWXDOLPSDLUPHQWDQGPRUHVHYHUHFDUGLRP\RSDWK\:H
UHSRUW D \HDUVJLUOZLWKK\SHUWULJO\FHULGHPLD VSHHFKGHOD\
PXVFOH K\SHUWURSK\ RYHUJURZWK ELODWHUDO JHQLFRPDVW\
PDVVLYH KHSDWRPHJDO\ XPELOLFDO KHUQLD FRDUVH KDLU DQG
DFDQWKRVLV QLJULFDQV +HSDWRPHJDO\ ZDV QRWLFHG DQG
KLVWRORJLFDOH[DPLQDWLRQRIDOLYHUELRSV\VSHFLPHQVXJJHVWHG
H[WHQVLYH IDWW\ FKDQJHV $FFRUGLQJ WR FOLQLFDO V\PSWRPV
%HUDUGLQHOOLO\SRG\VWURSK\V\QGURPHZDVGLDJQRVHG0HWKRGV
%ORRG VDPSOHZDV WDNHQ IURP SDWLHQW IRU '1$ DQDO\VLV DQG
GLIIHUHQW H[RQV DQG VSOLFH MXQFWLRQV RI %6&/ DQG %6&/
JHQVZDVVHTXHQFHG7KHUHVXOWZDVKRPR]\JRXVPXWDWLRQRI
FBGHOLQV*$$LQ%6&/JHQH7KLVGHOHWLRQRI
EDVH SDLUV GHOHWHV WKH µ HQG RI H[RQ  DQG WKH FRQVHQVXV
VHTXHQFH RI LQWURQ  $EVHQFH RI PXWDWLRQ LQ %6&/ ZDV
QRWHG7KHSURFHVVRIDGLSRF\WHGLIIHUHQWLDWLRQLVFRPSURPLVHG
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LQ SDWLHQWV ZLWK %HUDGLQHOOL6HLS FRQJHQLWDO OLSRG\VWURSK\
RZLQJ WR GLPLQLVKHG H[SUHVVLRQ RI WKH UHJXODWRU\ JHQHV

















H[LVWHQFH RI PRGHUQ KXPDQV  8QWLO QRZ FRQVDQJXLQLW\ LV
ZLGHO\ SUDFWLFHG LQ VHYHUDO JOREDO FRPPXQLWLHV  $UDE
SRSXODWLRQV KDYH D ORQJ WUDGLWLRQ RI FRQVDQJXLQLW\ GXH WR
VRFLRFXOWXUDO IDFWRUV DQGGLVSOD\ VRPHRI WKHKLJKHVW UDWHVRI
FRQVDQJXLQHRXVPDUULDJHV LQ WKHZRUOG  )RU WKLV UHDVRQZH
FDUULHGRXWDFRPSUHKHQVLYHUHYLHZWRDVVHPEOHFRQVDQJXLQLW\
UDWHVDPRQJ$UDEVDQGWRILJXUHRXWWKHHIIHFWRIFRQVDQJXLQLW\
RQ UHSURGXFWLYH KHDOWK LQ WKH UHJLRQ  7KHUH LV DFFXPXODWLQJ
HYLGHQFH IURP VWXGLHV RI $UDEV DQG RWKHU SRSXODWLRQV WKDW
FRQVDQJXLQLW\ H[HUWV D FRQWLQXRXV LPSDFW RQ VRPH
UHSURGXFWLYHKHDOWKSDUDPHWHUVVXFKDVSRVWQDWDOPRUWDOLW\DQG
UDWHV RI FRQJHQLWDO PDOIRUPDWLRQV  7KH DVVRFLDWLRQ RI
FRQVDQJXLQLW\ZLWKRWKHUUHSURGXFWLYHKHDOWKSDUDPHWHUVVXFK
DV IHUWLOLW\ DQG IHWDO ZDVWDJH LV FRQWURYHUVLDO  7KH PDLQ
LPSDFWRIFRQVDQJXLQLW\KRZHYHULVDQLQFUHDVHLQWKHUDWHRI
KRPR]\JRWHV IRU DXWRVRPDO UHFHVVLYH JHQHWLF GLVRUGHUV
:RUOGZLGH NQRZQ GRPLQDQW GLVRUGHUV DUH PRUH QXPHURXV
WKDQ NQRZQ UHFHVVLYH GLVRUGHUV  +RZHYHU GDWD RQ JHQHWLF
GLVRUGHUVLQ$UDESRSXODWLRQVDVH[WUDFWHGIURPWKH&DWDORJXH
RI7UDQVPLVVLRQ*HQHWLFVLQ$UDEV&7*$'DWDEDVHLQGLFDWH




FRXQVHOLQJ SURJQRVLV DQG SDWLHQW PDQDJHPHQW <HW WKH
DYDLODELOLW\RIPDQ\FRQVDQJXLQHRXV IDPLOLHV IURPWKH UHJLRQ
FRQWLQXHV WR KHOS VFLHQWLVWV LQ WKH LGHQWLILFDWLRQ RI WKH JHQHV
UHVSRQVLEOH IRU PDQ\ LQKHULWHG GLVHDVHV ERWK FRPPRQ DQG
UDUH 7KH&7*$'DWDEDVH LQGLFDWHV WKDWPRUH WKDQJHQHV
ZHUH LGHQWLILHG LQ IDPLOLHV IURP WKH UHJLRQ  8QGRXEWHGO\
WKHVH VWXGLHV UHVXOWHG LQ JUHDW FRQWULEXWLRQV ZLWK UHVSHFW WR





















QRQLQIODPPDWRU\ KHUHGLWDU\ KDLU GLVRUGHU VHHQ DPRQJ
FKLOGUHQ ,W LV FKDUDFWHUL]HG E\ DQDJHQ KDLUV RI DEQRUPDO
PRUSKRORJ\ WKDWDUHHDVLO\DQGSDLQOHVVO\SOXFNDEOH IURP WKH
VFDOS ZLWK D JHQWOH KDLU SXOO 7KH HVWLPDWHG SUHYDOHQFH RI
/$+6LVaWRSHUPLOOLRQLQGLYLGXDOV7KHFRQGLWLRQLV
XVXDOO\ LVRODWHG DQG WKH FOLQLFDO SUHVHQWDWLRQ LQFOXGHV KDLU LV




LQKHULWDQFH DQG IXOO SHQHWUDQFH 7KH IDPLO\ FRQVLVWV RI 
LQGLYLGXDOV LQFOXGLQJ  DIIHFWHG PDOHV DQG  IHPDOHV
$OO DIIHFWHG KDG W\SLFDO FKDUDFWHUV RI ORRVH DQDJHQ KDLU
V\QGURPHZLWKRXW VNLSSLQJ RI JHQHUDWLRQZDV REVHUYHG 7KH
H[SUHVVLRQ RI WKH SKHQRW\SH ZDV ILUVW DSSDUHQW IURP  WR 
\HDUV RI DJH $ KDLU SXOO WHVW RI DOO DIIHFWHG LQGLYLGXDOV
H[WUDFWHGPXOWLSOHKDLUVHDVLO\DQGSDLQOHVVDQGWKHUHZHUHQR
VLJQ RI VFDOS LQIODPPDWLRQ RU VFDUULQJ 0LFURVFRSLF
H[DPLQDWLRQ ZDV DOVR FRQVLVWHQW ZLWK /$6 0DMRULW\ RI WKH




RI SRWHQWLDO FDQGLGDWH JHQH 6+2& ZDV H[FOXGHG E\ GLUHFW























6SOLW KDQGIRRW PDOIRUPDWLRQ ZLWK ORQJERQH GHILFLHQF\
6+)/' LV D UDUH VHYHUH OLPE GHIRUPLW\ FKDUDFWHUL]HG E\
WLELD DSODVLD ZLWK RU ZLWKRXW VSOLWKDQGVSOLWIRRW GHIRUPLW\
ZLWK DQ LQFLGHQFH RI a SHU PLOOLRQ OLYH ELUWKV *HQRPLF
UHJLRQVZLWKHYLGHQFHRIOLQNDJHIRU6+)/'ZHUHLGHQWLILHGDW
WKUHH FKURPRVRPDO UHJLRQV  LQFOXGLQJ WZR RI RXU HDUOLHU
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LGHQWLILHG ORFL 6+)/' 0,0  6+)/' 0,0
 DW TT DQG T UHVSHFWLYHO\ LQ D ODUJH
$UDE FRQVDQJXLQHRXV IDPLO\ 85 $P-+XP*HQHW 
k¼ʊ ZKLFK PRVW OLNHO\ FRQWDLQ QRYHO
VXVFHSWLELOLW\JHQHV IRU DXWRVRPDO6+)/'DQG6+)/' ,Q
RUGHUWRLGHQWLI\WKHJHQHVUHVSRQVLEOHIRUWKHVHWZRDXWRVRPDO
ORFL ZH SHUIRUPHG H[RPH VHTXHQFLQJ XVLQJ WKH 62/L'70
V\VWHPDW [FRYHUDJH:HSULRULWL]HGRXUPXWDWLRQ VHDUFK
ZLWKLQ WKH OLQNDJH UHJLRQ EHWZHHQ 613 PDUNHUV
UVUVDQGUVUVUHVSHFWLYHO\,Q
DGGLWLRQ ZH KDYH UHFHQWO\ DVFHUWDLQHG VHYHUDO
PXOWLJHQHUDWLRQDO 6+)/' IDPLOLHV RI GLIIHUHQW JHRJUDSKLF
UHJLRQ*HQRPHZLGH OLQNDJH DQDO\VLV RI WKUHH VHOHFWHG ODUJH
IDPLOLHV8585DQG85XVLQJKLJKGHQVLW\613
DUUD\ H[FOXGHG SUHYLRXVO\ LGHQWLILHG 6+)/' DQG 6+)/'
DQG6+)/'ORFLDQG\LHOGHGQRYHOGLJHQLF ORFLHDFK LQ WZR
GLVWLQFW IDPLOLHV 85DQG85 LQGLFDWLQJ WKDW6+)/'
LV KLJKO\ KHWHURJHQHRXV $GGLWLRQDO FOLQLFDO GHWDLOV RI WKH
DIIHFWHG LQGLYLGXDOV IURPQHZO\VWXGLHG IDPLOLHV WKHGHWDLOHG
UHVXOWVRIRXU OLQNDJHVFDQZLWKJHQHVRI LQWHUHVW LQ WKHQRYHO











$XWRVRPDO UHFHVVLYH FRQGLWLRQV DUH E\ IDU FRPPRQHVW VLQJOH
JHQHGLVHDVHVDQGUHPDLQ WKHPDMRUFRQWULEXWRUV WRFKLOGKRRG
PRUELGLW\PRUWDOLW\ DQG KDQGLFDS LQ WKH 6XOWDQDWH RI2PDQ
&RPPRQ 5HFHVVLYH 'LVRUGHUV DUH GLVFXVVHG LQ YLHZ RI
FROODERUDWLYHUHVHDUFKDQGWKHDSSOLFDWLRQRIPROHFXODUJHQHWLF
WHFKQRORJ\  7KH VWUDWHJLHV GHYHORSHG IRU WKH SUHYHQWLRQ RI
JHQHWLFGLVHDVHVLQWKH6XOWDQDWHRI2PDQKDYHEHHQHWKLFDOO\





















UHFHVVLYH GLVRUGHUV RI DGUHQDO VWHURLGJHQHVLV LQ ZKLFK 
K\GUR[\ODVHGHILFLHQF\DFFRXQWVIRURYHURIFDVHVZKLFK
LV FDXVHG E\ YDULRXV PXWDWLRQV RI WKH &<3$ JHQH
HQFRGLQJ WKH VWHURLG K\GUR[\ODVH HQ]\PH0RUH WKDQ 
PXWDWLRQV FDXVLQJ K\GUR[\ODVH GHILFLHQF\ KDYH EHHQ
LGHQWLILHG :H VWXGLHG  SDWLHQWV ZLWK &$+ IURP
%DVKNRUWRVWDQ 5HSXEOLF 7KH SDWLHQWV ZHUH GLYLGHG LQWR 
JURXSV DFFRUGLQJ WR FOLQLFDO ILQGLQJV VDOW ZDVWLQJ 6:
1 DQGVLPSOHYLULOL]LQJ691 IRUPV0XWDWLRQVRI
WKH &<3$ JHQH ZHUH UHYHDOHG LQ  RI WKH VWXGLHG
&$+FKURPRVRPHV 7KH PXWDWLRQV ZHUH GLVWULEXWHG DV
IROORZV GHO$RU/*&  5:  ,VSOLFH
 ,1  4;  9/ 
3/  DQG 36   7KHPXWDWLRQV IUHTXHQF\
GLVWULEXWLRQLQWKH&<3$JHQHLQJURXSVRISDWLHQWVZLWK
FODVVLFDO GLVHDVH IRUPV VKRZHG VWDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFHV 6DOW ZDVWLQJ IRUP SDWLHQWV GHPRQVWUDWHG
GHO$RU/*& RI WKH JHQH &<3$ WZLFH PRUH RIWHQ WKDQ
VLPSOH YLULOL]LQJ IRUP SDWLHQWV  DQG 
UHVSHFWLYHO\Ȥ ɪ PXWDWLRQ5:±WLPHV
DQGUHVSHFWLYHO\Ȥ ɪ PXWDWLRQ
,VSOLFH ±   DQG  UHVSHFWLYHO\ Ȥ 
ɪ DQGPXWDWLRQ4;±WLPHVPRUHRIWHQ
DQG  UHVSHFWLYHO\ Ȥ  ɪ  7KH PXWDWLRQ
,1RQWKHFRQWUDU\ZDVPRUHW\SLFDOIRU69SDWLHQWVWKDQ
6: SDWLHQWV  DQG  UHVSHFWLYHO\ Ȥ 
ɪ 0XWDWLRQV3/ DQG9/ZHUH GHWHFWHG RQO\ LQ
69SDWLHQWV7KXVZHKDYHEHHQDEOHWRGHWHFWWKHVSHFWUXPRI
GLDJQRVWLF VLJQLILFDQW &<3$ JHQH PXWDWLRQV W\SLFDO IRU
6: DQG IRU 69 IRUPV LQ&$+SDWLHQWV :H IRXQG &$+
SDWLHQWV ZKR FDUULHG  PXWDWLRQV WZR RI ZKLFK IRUPHG D
FOXVWHU 4;5:   ,14;
  GHO$RU/*&9/   6XFK
PXWDWLRQV OLQNDJH RU FOXVWHU ZDV LQKHULWHG E\ SDWLHQWV IURP
KLVKHU PRWKHU RU IDWKHU 7KH FOXVWHUL]DWLRQ RI PXWDWLRQV RQ
RQH FKURPRVRPH LQVLGH QXFOHRWLGH VHTXHQFHV RI JHQH LW LV
FKDUDFWHULVWLF IRU JHQH &<3$ 2QH RI YLYLG H[DPSOHV RI
OLQNDJHPXWDWLRQVLQWKLVJHQHLVWKHFOXVWHUIURPPLVVHQɫH
PXWDWLRQV  ,19(0.  LQ WK H[RQ NQRZQ DV
(FOXVWHU$FFRUGLQJ WR OLWHUDWXUH GDWD GLIIHUHQW PXWDWLRQ
FOXVWHUV ZHUH LGHQWLILHG LQ SDWLHQWV IURP YDULRXV FRXQWULHV
VSHFLILF IRU HDFK UHJLRQ 7KLV FRPSOH[ RI DOOHOHV SUREDEO\
UHVXOWHG IURP ODUJHFRQYHUVLRQVRUPXOWLSOHPXWDWLRQVHYHQWV
%HVLGHV LQ  SDUHQWV ZH LGHQWLILHG PXWDWLRQ FOXVWHUV ZKLFK
KDYH QRW EHHQ LQKHULWHG E\ WKHLU DIIHFWHG FKLOGUHQ
,14; ,VSOLFH4; GHO$RU/*&9/
0ROHFXODUJHQHWLF LQYHVWLJDWLRQ RI  ɋȺɇ IDPLOLHV IURP
%DVKNRUWRVWDQ 5HSXEOLF VKRZHG WKDW  ZHUH FRPSOHWHO\
LQIRUPDWLYH  ZHUH SDUWLDOO\ LQIRUPDWLYH IRU WKH GLUHFW
'1$GLDJQRVWLFV  RI &$+ IDPLOLHV IURP%DVKNRUWRVWDQ
ZHUH DEVROXWHO\ QRQLQIRUPDWLYH $V D UHVXOW RI WKLV IXUWKHU
PROHFXODUJHQHWLFLQYHVWLJDWLRQVXVLQJGLUHFWVHTXHQFLQJRIWKH
ZKROH DFWLYH &<3$ JHQH DQG LQGLUHFW '1$GLDJQRVWLFV
ZLWK WKH KHOS RI K\SHUYDULDEOH '1$ORFL DQG KDSORW\SHV DUH
QHHGHG  7KXV VWXG\LQJ RI PROHFXODUJHQHWLF QDWXUH &$+
UHSUHVHQWV WKHGRXEWOHVVVFLHQWLILFDQGSUDFWLFDO LPSRUWDQFH LQ
UHVSHFWRIXVHRI WKHUHFHLYHGGDWDIRUGLIIHUHQWLDOGLDJQRVWLFV





















0\RSLD DOVR NQRZQ DV VKRUWVLJKWHGQHVV LV KHUHGLWDU\ DQG
HQYLURQPHQWDOIDFWRUVDUHDOVRH[WUHPHO\LPSRUWDQW,WLVRIWHQ
IRXQG LQ HDUO\ FKLOGKRRG ,Q P\RSLF VXEMHFWV WKH LPDJH RI
GLVWDQWREMHFWV IDOOV LQ IURQWRI WKH UHWLQD HLWKHU DV WKHH\H LV
WRRORQJD[LDOP\RSLDWKHFRUQHDLVWRRFRQYH[RUWKHLQGH[
RI UHIUDFWLRQ RI WKH OHQV LV WRR KLJK UHIUDFWLYHP\RSLD 7KH
HVWLPDWHGSUHYDOHQFHRIKLJKJUDGHP\RSLDLVaWRLQ
WKHHOGHUO\ZRUOGSRSXODWLRQ+RZHYHULWYDULHVZLWKDJHVH[
UDFH RFFXSDWLRQ FRXQWU\ HWKQLFLW\ HQYLURQPHQW DQG RWKHU
IDFWRUV ,WV KLJKHVW SUHYDOHQFH UDWHV DUH LQ $VLDQV LQ ZKRP
DOPRVW  WR  RI WKH DGXOW SRSXODWLRQV DUH P\RSLF 7KH
LQFLGHQFH RI 0\RSLD LV LQFUHDVLQJ LQ DOO SDUWV RI WKH ZRUOG
8QWLOP\RSLD ORFLRQGLIIHUHQWFKURPRVRPDO UHJLRQVKDYH
EHHQ LGHQWLILHG LQ SDWLHQWV RI YDULRXV JHRJUDSKLF RULJLQV
+RZHYHUWRGDWHQRGLVHDVHFDXVLQJPXWDWLRQVLQDQ\JHQHV
KDYH EHHQ LGHQWLILHG:H KDYH DVFHUWDLQHG  H[WHQGHG KLJK
P\RSLDIDPLOLHVIURPYDULRXVSDUWVRIZRUOGDQGPDMRULW\DUH
IURP ,QGLD $ JHQRPHZLGH 613EDVHG KLJKGHQVLW\ OLQNDJH
VFDQZDVSHUIRUPHGXVLQJ$II\PHWUL[+XPDQ613$UUD\RQD
VHOHFWHG ,QGLDQ IDPLO\ 85 ZLWK PXOWLSOH DIIHFWHG
LQGLYLGXDOV7KH ,QGLDQ3HGLJUHH 85ZLWK LVRODWHGQRQ
V\QGURPLF P\RSLD LQ ZKLFK WKH FRQGLWLRQ DSSHDUHG WR




DIIHFWHG DQG  QRUPDOV XVLQJ D JHQRPHZLGH KLJK GHQVLW\
$II\PHWUL[+XPDQ613DUUD\1RQSDUDPHWULFOLQNDJHDQDO\VLV
LGHQWLILHG WKUHHQRYHO ORFL LQ IDPLO\85DWSS
>13/@S ST >13/@S 
 DQG TT >13/@  S   




UHSRUW RI HYLGHQFH ZLWK PXOWLIDFWRULDO LQKHULWDQFH IRU KLJK
JUDGH P\RSLD VXVFHSWLELOLW\ ORFL LQ ,QGLDQ IDPLO\ ,W DOVR
VXJJHVWV WKDW D 613EDVHG SURFHGXUH SURYLGHV LQFUHDVHG
JHQRPLF FRYHUDJH DQG EHWWHU RYHUDOO LQIRUPDWLRQ FRQWHQW LQ
FRQWUDVW WRPLFURVDWHOOLWHPDUNHUV )XUWKHU UHVHDUFK LV QHHGHG




















/HUL:HLOO '\VFKRQGURVWHRVLV /:' ZDV ILUVW GHVFULEHG E\
/HUL DQG :HLOO LQ  ZKR UHSRUWHG SDWLHQWV ZLWK VKRUW
VWDWXUH VNHOHWDO DEQRUPDOLWLHV DQG 0DGHOXQJ GHIRUPLW\ 7R
GDWHVHYHQFDVHVLQ0H[LFRKDYHEHHQGHVFULEHG,WPDLQO\LV
FDXVHGE\DSVHXGRDXWRVRPDOPXWDWLRQLQ6+2;DQG6+2;<
UHJLRQV 7KH SDWLHQW LV D \HDUROG IHPDOH SURGXFW RI WKH
WKLUGSUHJQDQF\ IXOO WHUP IURPQRQFRQVDQJXLQHRXVSDUHQWV
+HUZHLJKWDWELUWKZDVNJSHUFHQWLOHDQGKHLJKWRI
FPSHUFHQWLOH+HUSV\FKRPRWRUGHYHORSPHQWZDVQRUPDO
$W SK\VLFDO H[DPLQDWLRQ VKH VKRZHG D GLVSURSRUWLRQDWH VKRUW
VWDWXUH 3KHQRW\SH UHYHDOV GROLFKRFHSKDO\ WULDQJXODU IDFH
EURDG IURQWDO UHJLRQ EUXVK\ H\HEURZV LQ  WKLUGV DQG UDUH
GLVWDO HQG LQQHU HSLFDQWKDO DOPRQG H\HV KLJK QDVDO EULGJH
PDODU K\SRSODVLD EURDG QRVH GHQWDO PDORFFOXVLRQ
SURQRXQFHG SKLOWUXP DQG SLOODUVPHVRPHOLF OLPE VKRUWHQLQJ
0DGHOXQJ GHIRUPLW\ DQG JHQX YDUXP 5DGLRJUDSK\ VKRZV
UDGLDO DQG WLELDO VKRUWHQLQJ ZLWK D SDUWLDO QRQOLPLWLQJ UDGLDO





LV D SVHXGRDXWRVRPDO GRPLQDQW GLVRUGHU WKDW FDXVHV VKRUW
VWDWXUH PHVRPHOLF OLPE G\VSODVLD DQG D FKDUDFWHULVWLFDO
PDOIRUPDWLRQ NQRZQ DV 0DGHOXQJ GHIRUPLW\  ,W LV FDXVHG
PDLQO\ E\ 6+2; JHQH PXWDWLRQ ORFDWHG LQ WKH
SVHXGRDXWRVRPDOUHJLRQ3$57KLVHQWLW\LVPRUHVHYHUH
LQ ZRPHQ SUREDEO\ GXH WR VH[XDO KRUPRQHV  RI WKH
SDWLHQWV SUHVHQW PXWDWLRQ RI WKH 6+2; JHQH ZKLOH WKH UHVW
UHPDLQXQNQRZQ,W LVEHOLHYHGWREHORFDWHGLQ3$5ZKHUH
GHOHWLRQV FRXOG VWUHQJWKHQ WKH GLDJQRVLV RI /:'7KH/:'
20,0 LVDQDXWRVRPDOGRPLQDQWGLVRUGHUZLWKDQ
LQFRPSOHWH SHQHWUDQFH FDXVHG E\ D SVHXGRDWRVRPDO JHQH
GHOHWLRQ UHJLRQ  3$5 7KH DLP RI WKLV FDVH UHSRUW LV WR
SUHVHQW WKH FOLQLFDO PDQLIHVWDWLRQV RI /:' 7KH PROHFXODU
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&RIILQ/RZU\ 6\QGURPH &/6 20,0  ZDV ILUVW
GHVFULEHG LQ  DOWKRXJK WKH QDPH ZDV GHVLJQDWHG XQWLO
E\7HPWDP\&/6ZLWK;OLQNHGGRPLQDQWLQKHULWDQFHLV
FDXVHG E\ PXWDWLRQV LQ WKH 536.$ JHQH ORFXV ;S
SZKLFKHQFRGHV56.DJURZWKIDFWRUUHJXODWHGVHULQH
WKUHRQLQH NLQDVH 7KH FOLQLFDO IHDWXUHV LQFOXGH PHQWDO
UHWDUGDWLRQ FKDUDFWHULVWLF IDFLHV GHQWLWLRQ DEQRUPDOLWLHV
SHFWXV H[FDYDWXPFDULQDWXP N\SKRVLVVFROLRLV SXII\ KDQGV
WDSHULQJILQJHUVVKRUWK\SHUFRQYH[QDLOVDUWLFXODUK\SHUOD[LW\
DQG VRPHWLPHV FDUGLRYDVFXODU FRPSOLFDWLRQV  7KH HVWLPDWHG
LQFLGHQFHRI&/6LVLQWRLQQHYHUWKHOHVV
KDYHQRIDPLO\KLVWRU\RI&/67RGDWHPXWDWLRQV
RI &/6 KDYH EHHQ UHSRUWHG :H GHVFULEH D \HDUROG
0H[LFDQ PDOH ZLWK SK\VLFDO DQG GHYHORSPHQWDO ILQGLQJV
FRQVLVWHQW ZLWK &/6 PHQWDO UHWDUGDWLRQ FRDUVH IDFLHV VRIW
KDQGVGUXPVWLFNWHUPLQDOSKDODQJHVDQGVNHOHWDOGHIRUPLWLHV
3K\VLFDO H[DPLQDWLRQ H[KLELWV VPDOO VWDWXUH EUDFK\FHSKDO\
SURPLQHQW IURQWDO UHJLRQ DUFKHG H\HEURZV K\SHUWHORULVP
LQQHU HSLFDQWKDO VODQWLQJSDOSHEUDO ILVVXUHVEURDGQRVHKLJK
QDVDO EULGJH ODUJH PRXWK SHFWXV H[FDYDWXP PLFURJQDWKLD
ODUJH HDUV K\SHUOD[LW\ RI MRLQWV VFROLRVLV VSLQD ELILGD DQG
IODWIRRW 7KH SDWLHQW SUHVHQWV VHYHUH PHQWDO UHWDUGDWLRQ ZLWK
QRUPDO  ;< NDU\RW\SH 7KH PRWKHU LV VLPLODUO\ DIIHFWHG
ZLWK D OHVV HYLGHQW SKHQRW\SH 7KH SUHVHQWZRUN GHVFULEHV D
IDPLOLDU FDVH RI &/6 7KH PRWKHU H[KLELWV PLOG FOLQLFDO

















0HQWDO UHWDUGDWLRQ LVDFRQGLWLRQQRWDGLVHDVHQRU VKRXOG LW
EH FRQIXVHG ZLWK PHQWDO LOOQHVV DQG LV DQ LPSRUWDQW KHDOWK
SUREOHPDOORYHUWKHZRUOG7KHSULPHDLPRIWKHSUHVHQWVWXG\
ZDV WR LGHQWLI\ WKH FKURPRVRPDO DOWHUDWLRQV LQ IHPDOHV ZLWK
PHQWDOO\ UHWDUGHG SDWLHQWV LQ &RLPEDWRUH UHJLRQ ,Q RUGHU WR
LQYHVWLJDWH WKH SRVVLEOH F\WRJHQHWLF GDPDJH WR WKH PHQWDOO\
UHWDUGHGSDWLHQWVD*EDQGLQJPHWKRGZDVFDUULHGRXWRQ WKH
O\PSKRF\WHVRIIHPDOHH[SHULPHQWDOVDQGHTXDOQXPEHURI
IHPDOH FRQWUROV VHOHFWHG ([SHULPHQWDOV DQG FRQWUROV ZHUH
VHOHFWHG EDVHG RQ WKH GHWDLOHG TXHVWLRQQDLUH ,Q WKH SUHVHQW
VWXG\ YROXQWHHUV SURYLGHG EORRG VDPSOHV  PO WR HVWDEOLVK
FHOOFXOWXUHVDWK)RUNDU\RW\SLQJFRPSOHWHPHWDSKDVH
FHOOV IURP HDFK VXEMHFW ZHUH HYDOXDWHG 7KH GHWHFWLRQ RI DQ
LQFUHDVLQJ QXPEHU RI UHFRJQL]DEOH V\QGURPHV VXFK DV'RZQ
V\QGURPH 7XUQHU V\QGURPH DVVRFLDWHG ZLWK FKURPRVRPDO
DQRPDOLHV ;2  ;;V  ;;<  ;;
;;V;;V;2;;;2;;ZDV
IRXQGDPRQJWKHIHPDOHRIWKHFLW\WKURXJKWKHFKURPRVRPDO
DQDO\VLV RI WKH VXEMHFWV ,Q WKH SUHVHQW VWXG\ H[KLELW






















7\SH  YRQ :LOOHEUDQG GLVHDVHY:' LV D UDUH FRQJHQLWDO
GLVRUGHUZKLFKLQKHULWHGDVDQDRXWRVRPDOUHFHVVLYHWUDLW,WLV
FDXVHGE\ WKHPXWDWLRQ LQY:)JHQH ORFDWHGRQVKRUWDUPRI
FKURPRVRPH7KLVJHQHSURGXFHVDPXOWLPHULFJO\FRSURWHLQ
ZLWK D FUXFLDO UROH LQ KDHPRVWDVLV  Y:) IRUPV D EULGJH
EHWZHHQ VXEHQGRWKHOLXP DQG SODWHOHW WR PDNH D FORW ,W DOVR
VHUYHV DV D FDUULHU IRU FRDJXODWLRQ IDFWRU  7KH W\SH 
PXWDWLRQV FDQ EH VFDWWHUHG WKURXJK WKH HQWLUH JHQH 7R GDWH
RYHUPXWDWLRQVKDYHEHHQIRXQGWKDWPRVWRIWKHPDUHQXOO
DOOHOHV$PRQJWKHPVSOLFHVLWHPXWDWLRQVDUHUHVSRQVLEOHIRU
 RI WKH GHIHFWV 7KH PXWDWLRQ *$ LQ WKH
DFFHSWRUVSOLFHVLWHRILQWURQZDVSUHYLRXVO\UHSRUWHG,QWKLV
VWXG\XVLQJ573&5DQG5HDOWLPH573&5ZHFKDUDFWHUL]HG
WKH H[SUHVVLRQ RI PXWDQW DOOHOHV LQ D IDPLO\ RI W\SH  YRQ
ZLOOHEUDQG GLVHDVH  $ IDPLO\ FRQVLVWLQJ RI  Y:' W\SH 
SDWLHQWV DQG WKHLU SDUHQWV DQG  QRUPDO FRQWUROV ZHUH
LQFOXGHG LQ WKH VWXG\ )LIWHHQ PO RI SHULSKHUDO EORRG ZDV
REWDLQHG IURP HDFK SDWLHQWV WKHLU KHWHUR]\JRXV SDUHQWV DQG
QRUPDO FRQWUROV 7RWDO51$ZDV H[WUDFWHG IURP3ODWHOHW ULFK
SODVPD 353 RI HDFK VDPSOH XVLQJ 51HDV\ SOXV PLQLNLW
4LDJHQ 7RWDO P51$ ZDV UHYHUVH WUDQVFULEHG LQWR F'1$
XVLQJ 4XDQWL7HFW UHYHUVH WUDQVFULSWLRQ NLW 4LDJHQ 7ZR
SULPHUVHWVZHUHGHVLJQHG WRDPSOLI\ WZRGLIIHUHQW IUDJPHQWV
RQ 9:) F'1$ 7KH H[SUHVVLRQ RI *$3'+ JHQH ZDV DOVR
DQDO\]HG DV UHIHUHQFH JHQH (DFK VDPSOH ZDV WHVWHG E\
FRQYHQWLRQDO 573&5 DQG TXDQWLWDWLYH 5HDOWLPH 3&5  7KH
H[SUHVVLRQ RI Y:) JHQH ZDV GHWHFWHG LQ WKH SDWLHQWV DQG




PXWDWLRQ *$ DQG QRUPDO FRQWUROV DV TXDQWLILHG E\
5HDOWLPH3&5DQDO\VLV$OWKRXJKVRPHQRQVHQVHPXWDWLRQV
LQ Y:) JHQH OHDG WR LWV P51$ GHJUDGDWLRQ YLD 1RQVHQVH
0HGLDWHG'HFD\10'VSOLFHVLWHPXWDWLRQVDUHOHVVOLNHO\WR
HQKDQFH GHJUDGDWLRQ SDWKZD\V 7KLV NLQG RI PXWDWLRQV PD\
FDXVH WKHH[RQVNLSSLQJDQGUHVXOW LQ WKHGHOHWLRQRI WKHQH[W
H[RQ 7KHSUHVHQWVWXG\KDVUHYHDOHG WKHH[SUHVVLRQRIY:)
P51$ FRPSULVLQJ *$ PXWDWLRQ DQG IXUWKHU
LQYHVWLJDWLRQQHHGVWREHGRQHWRGHWHUPLQHWKHHIIHFWVRIWKLV
PXWDWLRQRQY:)H[RQVSOLFLQJ












'LDEHWHV FOXVWHUHG ZLWK QHSKURSDWK\ KDV EHHQ WKH OHDGLQJ
FDXVH RI GHDWKV GXH WR HQG VWDJH UHQDO GLVHDVH JOREDOO\ 7KH
UHQLQDQJLRWHQVLQ V\VWHP 5$6 KDV DQ HVWDEOLVKHG OLQN ZLWK
WKHSDWKRJHQHVLVRIYDULRXVPHWDEROLFHWLRORJLHV7KHILQGLQJV
RQ LQYROYHPHQW RI $QJLRWHQVLQ, &RQYHUWLQJ (Q]\PH $&(
JHQHSRO\PRUSKLVPDVZHOODVHOHFWURO\WHVDEQRUPDOLWLHVKDYH
EHHQLQFRQVLVWHQW0RUHRYHUWKHSRVVLEOHDVVRFLDWLRQEHWZHHQ
LQVHUWLRQ ,GHOHWLRQ ' SRO\PRUSKLVP RI $&( JHQH DQG
QHSKURSDWK\ LQ GLDEHWHV KDV QRW IXOO\ H[SORUHG 7KLV VWXG\
LQYHVWLJDWHG WKH SRVVLEOH DVVRFLDWLRQ RI ,' SRO\PRUSKLVPRI
$&( JHQH DQG HOHFWURO\WHV GLVWXUEDQFHV LQ GLDEHWLF SDWLHQWV
ZLWK DQG ZLWKRXW QHSKURSDWK\ 6L[W\ GLDEHWLF SDWLHQWV ZLWK
QHSKURSDWK\DQGZLWKRXWQHSKURSDWK\ZHUHVHOHFWHGIRUWKH
VWXG\ IROORZHG E\ LQIRUPHG FRQVHQW )DVWLQJ EORRG VDPSOHV
ZHUHDQDO\]HGIRUVHUXPHOHFWURO\WHVJOXFRVH+E$FOHYHOV
3RO\PHUDVH&KDLQ5HDFWLRQ 3&5ZDV XVHG WR JHQRW\SH WKH
'1$LVRODWHGIURPWKHSDWLHQWVIRU$&(,'ZLWKWKHKHOSRI
VSHFLILF SULPHUV 'LDEHWLF SDWLHQWV ZLWKRXW QHSKURSDWK\
VKRZHGDVLJQLILFDQWULVHVHUXPSRWDVVLXPDQGFDOFLXPOHYHOV
ZKLOH VHUXP VRGLXP DQG PDJQHVLXP OHYHOV ZHUH ORZ DV
FRPSDUHGWRFRQWUROV7KH$&(,'''DQG,,JHQRW\SHVZHUH
GLVWULEXWHG DV     DQG 
 UHVSHFWLYHO\ ,Q GLDEHWLF SDWLHQWV ZLWKRXW
QHSKURSDWK\ VHUXP VRGLXP FDOFLXP DQG PDJQHVLXP OHYHOV
ZHUH ORZ7KH$&(,'DOOHOHVZHUHGLVWULEXWHGDV ,'




ZDV IRXQG LQ   LQ GLDEHWLF SDWLHQWV ZLWKRXW
QHSKURSDWK\ ,Q GLDEHWLF SDWLHQWV ZLWK QHSKURSDWK\
KRPR]\JRXVGHOHWLRQDOOHOH''JHQRW\SHZDVIRXQGLQ
 KHWHUR]\JRXVGHOHWLRQDOOHOH ,'JHQRW\SHZDV IRXQG
LQ   DQG KRPR]\JRXV LQVHUWLRQ DOOHOH ,,
JHQRW\SHZDV IRXQG LQ   ,W LV VKRZQ WKDW WKH
GLVWULEXWLRQ RI ' DOOHOH LV VLJQLILFDQWO\ KLJKHU LQ SDWLHQWV RI
SHUVLVWHQW QHSKURSDWK\  DORQJ ZLWK GLVWXUEHG VHUXP
HOHFWURO\WHOHYHOVDVFRPSDUHGWRGLDEHWLFSDWLHQWVZLWKQRUPDO
DOEXPLQXULDRUZLWKRXWQHSKURSDWK\,W LVVXJJHVWHG
WKDW WKH DSSHDUDQFH RI $&( JHQH ' DOOHOH SRO\PRUSKLVP LV















2*'& LV D PLWRFKRQGULDO DVVHPEO\ WKDW LV LQYROYHG LQ WKH
7&$ F\FOH DQG LV LQFUHDVLQJO\ LPSOLFDWHG LQ WKH HWLRORJ\ RI
YDULRXV QHXURGHJHQHUDWLYH GLVHDVHV OLQNHG WR R[LGDWLYH VWUHVV
LQFOXGLQJ $O]KHLPHU
V DQG 3DUNLQVRQ
V GLVHDVH 7KH EDVLF
RUJDQL]DWLRQRIWKH2*'&LVGLUHFWHGE\WKHVHOIDVVHPEO\RI
FRSLHVRIGLK\GUROLSR\OVXFFLQ\OWUDQVIHUDVH(RWRIRUPD
FXELF FRUH WR ZKLFK PXOWLSOH FRSLHV RI R[RJOXWDUDWH
GHK\GURJHQDVH (R DQG GLK\GUROLSRDPLGH GHK\GURJHQDVH
( ELQG QRQFRYDOHQWO\7KHPDPPDOLDQ(R LV XQXVXDO LQ
ODFNLQJDQ\REYLRXV(RU(RELQGLQJGRPDLQ,QWKLVVWXG\






FROL %/ KRVW V\VWHP 3UHYLRXV VWXGLHV HPSOR\LQJ VXEXQLW
VSHFLILF SURWHRO\VLV KDYH LGHQWLILHG WKH H[WUHPH 1WHUPLQDO
VHJPHQWRI(RDVDNH\UHJLRQLQYROYHGLQWKHPDLQWHQDQFHRI
FRPSOH[VWDELOLW\DQG LQWHJULW\DQG LV UHTXLUHG IRU(DQG(
ELQGLQJ 7R LQYHVWLJDWH WKLV UHJLRQ LQ PRUH GHWDLO WKUHH 1
WHUPLQDO (R IUDJPHQWV RI GHFUHDVLQJ VL]H ZHUH RYHU
H[SUHVVHGRQH LQ+LVWDJ IRUPDPLQRDFLGVDQG WZRDV




UDSLG GHJUDGDWLRQ DQG XQDPELJXRXV LGHQWLILFDWLRQ LQ VRPH
FDVHV +RZHYHU :HVWHUQ EORWWLQJ UHYHDOHG FRQFOXVLYHO\ WKDW
























OHYHOV 7KHVH FRPPRQ YDULDQWV H[SODLQ a RI WKH
KHULWDELOLW\ RI WKHVH SKHQRW\SHV7R GDWH QR XQELDVHG VFUHHQ
IRUJHQHHQYLURQPHQWLQWHUDFWLRQVIRUOLSLGVKDVEHHQUHSRUWHG
:H VFUHHQHG IRU JHQHHQYLURQPHQW LQWHUDFWLRQV LQIOXHQFLQJ
FLUFXODWLQJ EORRG OLSLGV LQ D PHWDDQDO\VLV RI JHQRPHZLGH
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DVVRFLDWLRQ GDWD IURP  SRSXODWLRQEDVHG FRKRUWV RI
LQGLYLGXDOVZLWK(XURSHDQ DQFHVWU\ WRWDO QXPEHU RI VDPSOHV
GHSHQGLQJRIWKHWUDLWDQGHQYLURQPHQWDOIDFWRU
XVHG 7KH OLSLGV VWXGLHG ZHUH KLJKGHQVLW\ OLSRSURWHLQ
FKROHVWHURO+'/ORZGHQVLW\OLSRSURWHLQFKROHVWHURO/'/
WRWDO FKROHVWHURO 7& DQG WULJO\FHULGHV 7* DQG WKH
HQYLURQPHQWDO IDFWRUV RI LQWHUHVW ZHUH DOFRKRO FRQVXPSWLRQ
VPRNLQJ JHQGHU ZDLVWWRKLS UDWLR :+5 DQG ERG\ PDVV
LQGH[ %0, )LUVW VWDJH UHVXOWV ZLWK S­² ZHUH
UHSOLFDWHG XVLQJ DGGLWLRQDO HLJKW FRKRUWV FRQVLVWLQJ RI PRUH
WKDQ  VDPSOHV $ ORFXV QHDU WKH 3&'+ JHQH
UV VKRZHG DQ LQWHUDFWLRQZLWK:+5RQ7&ZLWK D
FRPELQHGSYDOXHRI[$LQFUHDVHLQ:+5ZDV
HVWLPDWHG WR HOHYDWH 7& E\  PPRO/ &,  IRU
FDUULHUVRI WKH$$JHQRW\SHPPRO/ &, IRU
$* FDUULHUV DQG  PPRO/ &,  IRU **
$GGLWLRQDOO\ IRXU 613V VKRZHG LQWHUDFWLRQV DPRQJ ORFL
SUHYLRXVO\ DVVRFLDWHG ZLWK OLSLG OHYHOV DIWHU %RQIHUURQL
FRUUHFWLRQ IRU  WHVWHG 613V ,QFOXVLRQ RI LQWHUDFWLRQ
HIIHFWVLQWRJHQHWLFSUHGLFWLYHSURILOHOHGWRVLJQLILFDQWLQFUHDVH
LQSURSRUWLRQRI OLSLGVYDULDQFHH[SODLQHG.H\QRGHDQDO\VLV
UHYHDOHG 3.&DOSKD 3.&HSVLORQ ,*)5 DQG D QXPEHU RI
RWKHUPROHFXOHVDVSRWHQWLDOPHGLDWRUVEHWZHHQHQYLURQPHQWDO
H[SRVXUH DQG JHQHV ZKLFK DUH FRUHJXODWHG LQ UHVSRQVH WR
WKHVH ,QWHUHVWLQJO\ NH\QRGH DQDO\VLV RI ĴHQYLURQPHQWDOO\
VHQVLWLYHµ ORFL UHYHDOHG VLPLODU NH\QRGHV SRWHQWLDOO\
VXJJHVWLQJOLPLWHGQXPEHURIUHJXODWRU\PROHFXOHVLQYROYHGLQ
WKH HQYLURQPHQWDO UHVSRQVH $ JHQHWLF YDULDQW UV
PRGLILHV WKH UHODWLRQVKLS EHWZHHQZDLVWWRKLS UDWLR DQG WRWDO
FKROHVWHURO 7KH HIIHFW RI ZDLVWWRKLSUDWLR LV RYHU LV 




IRU SHRSOH FKDUDFWHUL]HG E\ VSHFLILF JHQRPLF SURILOHV
,GHQWLILHG UHJXODWRU\ PROHFXOHV ZKLFK DUH OLNHO\ WR WUDQVODWH
WKHHQYLURQPHQWDOVWLPXOLLQWRRUJDQLVPµVOLSLGVUHVSRQVHPD\
EHXVHGDV WDUJHWVIRUGHYHORSPHQWRIGUXJVZKLFKDUHOLNHO\
WR EHPRVW EHQHILFLDO IRU SHRSOH XQGHU FHUWDLQ HQYLURQPHQWDO


















V SRSXODWLRQ $PRQJ GLIIHUHQW IRUPV RI HSLOHSVLHV
LGLRSDWKLFJHQHUDOL]HGHSLOHSVLHV,*(FRQVWLWXWLQJXSWR
RI DOO HSLOHSWLF V\QGURPHV DUH FKDUDFWHUL]HG E\ ELODWHUDO DQG
V\QFKURQRXVJHQHUDOL]HGVHL]XUHVLQ WKHDEVHQFHRIGHWHFWDEOH
EUDLQ OHVLRQV RU PHWDEROLF DEQRUPDOLWLHV 7KXV WKH SULPDU\
HWLRORJ\ IRU WKLV GLVRUGHU LV EHOLHYHG WR EH JHQHWLF ,Q WKLV
UHVSHFW WKH SURSRVHG VWXG\ LQFOXGHV D ODUJH KLJKO\ LQEUHG
FRQVDQJXLQHRXVIDPLO\ZLWKPXOWLSOH,*(DIIHFWHGLQGLYLGXDOV
ZLWK DQ XOWLPDWH DLP LQ LGHQWLI\LQJ D QHZ HSLOHSV\ JHQH WKDW
ZRXOG KHOS XV GHOLQHDWH WKH PROHFXODU PHFKDQLVPV RI WKLV
GLVHDVH HYHQWXDOO\ OHDGLQJ WR LPSURYHG GLDJQRVWLFV DQG
WUHDWPHQWWRROV3K\VLFDOQHXURORJLFDODQG((*H[DPLQDWLRQV
ZHUHSHUIRUPHGRQWKHVXEMHFWVUHFUXLWHGZLWKLQIRUPDWLRQRQ
IDPLO\ KLVWRU\ 7KHVH H[DPLQDWLRQV UHYHDOHG  DIIHFWHG
LQGLYLGXDOVDPRWKHUZLWKWKUHHFKLOGUHQDQGWKHLUFRXVLQZKR
H[KLELW YDU\LQJ W\SHV RI VHL]XUHV LQFOXGLQJ DEVHQFH
JHQHUDOL]HG WRQLFFORQLF DQG P\RFORQLF VHL]XUHV $ORQJ ZLWK
WKHVH LQGLYLGXDOV  XQDIIHFWHG LQGLYLGXDOV IURP WKLV IDPLO\
ZHUH JHQRW\SHG XVLQJ ,OOXPLQD ,QILQLXP +XPDQ/LQNDJH
*HQRW\SLQJ%HDG&KLS 613V7KH JHQRW\SH GDWDZHUH
GHOLQHDWHG XVLQJ HDV\/LQNDJH VRIWZDUH SODWIRUP ZKHUH
0HQGHOLDQ JHQRW\SLQJ HUURUV ZHUH GHWHUPLQHG XVLQJ
3HG&KHFN WZR DQG PXOWLSRLQW ORG VFRUHV ZHUH FDOFXODWHG
XQGHU WKH DVVXPSWLRQ RI DXWRVRPDO UHFHVVLYH LQKHULWDQFH YLD
6XSHU/LQN DQG 6LP:DON UHVSHFWLYHO\ DQG KDSORW\SHV ZHUH
FRQVWUXFWHG WKURXJK *HQH+XQWHU 7KHVH DQDO\VHV UHYHDOHG D
SURPLVLQJ ORFXV RQ FKURPRVRPH S ZKLFK ZDV IXUWKHU
DQDO\]HGWKURXJKILQHPDSSLQJZLWKDGGLWLRQDOPLFURVDWHOOLWHV
VSDQQLQJ D UHJLRQ RI 0E0E +RZHYHU
PLFURVDWHOOLWHDOOHOHVZHUHKHWHUR]\JRXVLQ WKHDIIHFWHGVLEV
UHMHFWLQJ OLQNDJH XQGHU DXWRVRPDO UHFHVVLYH LQKHULWDQFH 7KH
IXWXUHREMHFWLYHVLQFOXGHGHQVH613JHQRW\SLQJRIWKHIDPLO\
PHPEHUVLQDQDWWHPSWWRXQUDYHOVPDOOUHJLRQVWKDWPD\KDYH
EHHQ RYHUORRNHG $GGLWLRQDOO\ DFTXLVLWLRQ RI EHWWHU FOLQLFDO
IROORZXSDQGFKDUDFWHUL]DWLRQRIERWKDIIHFWHGDQGXQDIIHFWHG
LQGLYLGXDOV ZLOO HQDEOH RWKHU SRVVLEOH LQKHULWDQFHPRGHOV IRU














&KURQLF DQG H[FHVVLYH DOFRKRO LQJHVWLRQ LV RQH RI WKHPDMRU
FDXVHV RI OLYHU GLVHDVH LQ ,QGLD 7KH JHQHWLFDOO\ GHWHUPLQHG
GLIIHUHQFHVLQDOFRKROPHWDEROL]LQJJHQHVKDYHEHHQDVVRFLDWHG
ZLWKDOFRKROLFOLYHUGLVHDVH$/'+RZHYHUVSHFLILFJHQHWLF
DEQRUPDOLWLHV IRU VXVFHSWLELOLW\ WR DOFRKRO DEXVH DQG WKH
GHYHORSPHQWRI$/'KDYHQRWEHHQILUPO\HVWDEOLVKHG7KLVLV
WKH ),567 VWXG\ WR HOXFLGDWH WKH SRO\PRUSKLVP RI DOFRKRO
GHK\GURJHQDVH DOGHK\GH GHK\GURJHQDVH DQG F\WRFKURPH
SLQSDWLHQWVRIDOFRKROLFOLYHUGLVHDVHDQGFRPSDUHWKHP
ZLWK DOFRKROLF FRQWUROV LQ ,QGLDQ SRSXODWLRQ  $OO SDWLHQWV
UHJLVWHUHGXQGHU$/'FOLQLFZHUHZRUNHGXSZLWKVXSSRUWLQJ
HQGRVFRSLF DQG UDGLRORJLFDO HYLGHQFH IURP SDWLHQWV RI
*DVWURHQWHURORJ\GHSDUWPHQWDW$OO ,QGLD ,QVWLWXWHRI0HGLFDO
6FLHQFHV ZLWK HTXDO QXPEHU FKURQLF DOFRKROLFVDOFRKRO
GHSHQGHQW$/& PDOH VXEMHFWV VDWLVI\LQJ '60 9 FULWHULD
GHULYHG IURP WKH 'LDJQRVWLF ,QWHUYLHZ IRU *HQHWLF 6WXG\
',*6 ZLWK ! \HDUV RI DJH ZHUH LQGXFWHG LQ WKH VWXG\
'HWDLOHG FOLQLFDO DQG GHPRJUDSKLF KLVWRU\ZDV UHFRUGHG7KH
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JHQHWLFSRO\PRUSKLVPRI$'+$'+$/'+ZDVVWXGLHG
LQ SDWLHQWV RI DOFRKROLF OLYHU GLVHDVH $/' DQG DOFRKROLFV
$/& XVLQJ 3&55)/3 PHWKRG  0DMRULW\ RI WKH DOFRKROLF
OLYHU GLVHDVH SDWLHQWV LQ WKH VWXG\ ZHUH VLFN UHTXLULQJ
HPHUJHQF\DGPLVVLRQV0HDQGXUDWLRQRIV\PSWRPVZDV
PRQWKV SULRU WR DGPLVVLRQ  $VFLWHV  DQG MDXQGLFH
ZLWKELOLUXELQ!ZHUH WKHFRPPRQHVWH[DPLQDWLRQ
ILQGLQJV+HSDWRPHJDO\DQGVSOHQRPHJDO\ZHUH




SDWLHQWV LQ ERWK JURXSV ZHUH KHWHUR]\JRXV IRU $'+
&RQFOXVLRQ )XQFWLRQDO SRO\PRUSKLVP RI WKH JHQH FRGLQJ IRU
WKH$/'+HQ]\PHDIIHFWVWKHSURSHQVLW\WRGHYHORS$/'DQG
$/&LQ,QGLDQSRSXODWLRQ7KHLPSRUWDQWILQGLQJRIWKHVWXG\
ZDV WKH KLJK IUHTXHQF\ RI WKH $/'+ JHQRW\SH
DPRQJVW $/& DQG $/' EHLQJ D ULVNFRQIHUULQJ




















ILEURVLVPDMRUPXWDWLRQ ) LQ DGXOW DQG HOGHUO\ &DXFDVLDQ
SRSXODWLRQ RI 1RUWK $VLD DQG LWV DVVRFLDWLRQ ZLWK FRPPRQ
FKURQLFFRQGLWLRQDQGUHODWHGSKHQRW\SLFWUDLWV7KHSUHYDOHQFH
RI')PXWDWLRQRIF\VWLFILEURVLVJHQH&)75VLJQLILFDQWO\
YDULHV LQ GLIIHUHQW &DXFDVLDQ SRSXODWLRQV RI (XUDVLD 7KH
IUHTXHQF\ RI ǻ) LV ORZ LQ )LQQR8JULDQ DQG %DOWLF
SRSXODWLRQV DQG KLJK LQ VRPH &HQWUDO (XURSHDQ DQG
6FDQGLQDYLDQ SRSXODWLRQ :HQQEHUJ HW DO  6LQJOH




QHHG RI IXUWKHU DFFXPXODWLRQ RI UHOHYDQW GDWD LQ ODUJH
SRSXODWLRQ VXUYH\V 3UHVHQFH RI&)75JHQH ǻ)PXWDWLRQ
ZDV DQDO\]HG LQ  SDUWLFLSDQWV RI WKH +$3,(( SURMHFW
KWWSZZZXFODFXNHDVWHXURSHKDSLHHKWPO DJHG 
PHQZRPHQ   7KH VWXGLHG JURXS SUHVHQWV
UDQGRPO\VHOHFWHGVDPSOHVIURP&DXFDVLDQSRSXODWLRQRI:HVW
6LEHULDODUJHVWLQGXVWULDOFHQWHU1RYRVLELUVN'DWDRQSUHVHQFH
RIGLIIHUHQW FKURQLFGLVHDVHV WKHLU ULVN IDFWRUVDQGDVVRFLDWHG
SKHQRW\SLFWUDLWVZHUHFROOHFWHGIRUDOOSDUWLFLSDQWV7KHVHGDWD
LQFOXGH UHOHYDQW TXHVWLRQQDLUHV RQ WKH SUHVHQFH RI
FDUGLRYDVFXODUJDVWURHQWHURORJLFDOHQGRFULQHSXOPRQDU\DQG
VRPH RWKHU GLVHDVHV 7UDGLWLRQDO ULVN IDFWRUV ZHUH DQDO\]HG








HVWLPDWHG KRPR]\JRXV JHQRW\SH IUHTXHQF\ LV  
3UHVHQFH RI ǻ) ZDV DVVRFLDWHG ZLWK EURQFKLDO DVWKPD
 LQQRQFDUULHUV DQG LQ FDUULHUVDQGDOWHUDWLRQV LQ




WKDQ LQ SRSXODWLRQV RI )LQQR8JULDQ DQG %DOWLF RULJLQ DQG
FORVH WR LQWHUPHGLDWH UDQJH IRU RWKHU &DXFDVLDQV 6LPLODU WR
VRPH RWKHU UHSRUWV KHWHUR]\JRXV ǻ) PXWDWLRQ VWDWH LV
DVVRFLDWHG ZLWK FKURQLF SXOPRQDU\ GLVWXUEDQFHV LQ VWXGLHG




















ODUJHVFDOHJHQRPLFDOWHUDWLRQV LQGHILQLWHFHOO OLQHDJHVRI WKH
ERG\ ZDV GRFXPHQWHG LQ  FKLOGUHQ ZLWK PHQWDO
UHWDUGDWLRQ DQG LQFKLOGUHQZLWK DXWLVP 9RUVDQRYD HW
DO  <XURY HW DO   ,W ZDV SURSRVHG WKDW
GHYHORSPHQW JHQRPLF LQVWDELOLW\ GXH WR LQFUHDVHG UDWH RI
FKURPRVRPH QRQGLVMXQFWLRQ DW HDUO\ VWDJH RI RQWRJHQHVLV
GLVUXSWHGPLWRWLFFKHFNSRLQWFRQWURODQGIDLOXUHVRIDSRSWRWLF
FOHDUDQFH RI DQHXSORLG FHOOV FRXOG SOD\ D OHDGLQJ UROH LQ
SDWKRJHQHVLV RI WKHVH FRPPRQ QHXURGHYHORSPHQWDO
SV\FKLDWULF GLVHDVHV ,RXURY HW DO  +HUH XVLQJ KLJK
UHVROXWLRQ PROHFXODU F\WRJHQHWLF DSSURDFKHV ,QWHUSKDVH
0XOWLSUREH ),6+ >,0),6+@ DQG ,QWHUSKDVH &KURPRVRPH
6SHFLILF0XOWL&RORU%DQGLQG>,&60&%@ZHKDYHGHWHUPLQHG
&KURPRVRPH,QVWDELOLW\,QGH[&,1LQFXOWXUHGO\PSKRF\WHV
RI SHULSKHUDO EORRG RI FKLOGUHQ ZLWK LGLRSDWKLF PHQWDO
UHWDUGDWLRQ Q  DQG LGLRSDWKLF DXWLVP Q  7RWDOO\
PRUH WKDW  PLOOLRQ FHOOV ZHUH PRQLWRUHG LQ GRXEOHEOLQGHG
DQDO\VLV/RZOHYHOPRVDLFLVPZDVIRXQGLQRIFKLOGUHQ




ZDV GHWHUPLQHG DV  DQG ZDV VLPLODU IRU &,1 FDOFXODWHG
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HDUOLHUIRUQRUPDOHPEU\RQLFWLVVXHV<XURYHWDO
7KXV WKHUH LV VWULNLQJ HYLGHQFH IRU ORZOHYHO PRVDLFLVP WR
UHVXOW IURP &,1 JHQHUDWHG GXULQJ HDUO\ HPEU\RQLF
GHYHORSPHQW,QJHQHUDODEQRUPDOFHOOSRSXODWLRQVVKRXOGEH
FOHDUHGE\SURJUDPPHGFHOOGHDWK+RZHYHU WKLVSURFHVVFDQ
EH KLQGHUHG GXH WR HLWKHU HQGRJHQRXV IDLOHG FHOO F\FOH
FRQWUROFKURPRVRPH PLVVHJUHJDWLRQ RU HQGRJHQRXV
LUUDGLDWLRQPXWDJHQLF RU DQHXJHQLF VXEVWDQFHV HIIHFWV
DIIHFWLQJ DIRUHPHQWLRQHG PROHFXODU DQG VXSUDPROHFXODU
SDWKZD\V7RJHWKHURXUGDWDLQGLFDWHWKDWODUJHVFDOHVRPDWLF
JHQRPHDOWHUDWLRQVJHQHUDWHGGXULQJSUHQDWDOGHYHORSPHQWDUH
DQ DSSUHFLDEOH VRXUFH IRU SDWKRJHQLF LQWHUFHOOXODU JHQRPH
GLYHUVLW\ DVVRFLDWHG ZLWK EUDLQ G\VIXQFWLRQ LQ PHQWDO

















'RZQ 6\QGURPH '6 FDXVHG E\ WULVRP\ RI FKURPRVRPH
+6$ LV WKH PRVW FRPPRQ JHQHWLF FDXVH RI PHQWDO
UHWDUGDWLRQLQKXPDQ6RPHSUHYLRXVVWXGLHVKDYHUHSRUWHGWKDW
G\VUHJXODWHG H[SUHVVLRQ RI +6$ JHQHV PD\ OHDG WR '6
SKHQRW\SHV EXW WKH PHFKDQLVPV RI WKH SURFHVV UHPDLQHG
HOXVLYH:HXVHG+XPDQ([RQPLFURDUUD\WRFKDUDFWHUL]H WKH
ZKROH WUDQVFULSWRPHV RI SHULSKHUDO O\PSKREODVWRLG FHOOV LQ
FKLOGUHQ'6SDWLHQWVDQGFRQWUROVDQGSHULSKHUDOEORRG
FHOOV LQQHRQDWHV '6SDWLHQWVDQGFRQWUROV UHVSHFWLYHO\
%\6WXGHQWWWHVWDQDO\VLVDQGT3&5YDOLGDWLRQDWRWDORI
JHQHV LQFOXGLQJ  JHQHV RQ1RQ+6$ DQG  JHQHV RQ
+6$ VKRZHG VLJQLILFDQWO\ H[SUHVVLRQ GLIIHUHQFH EHWZHHQ
'6 DQG FRQWURO JURXSV RI WKH FKLOGUHQ   RI
WKHVH JHQH RYHUH[SUHVVHG LQ WKH '6 SDWLHQWV :KLOH 
JHQHV ZLWK  RQ +$6  H[SUHVVHG GLIIHUHQWO\ LQ '6 DQG
FRQWUROVRIQHRQDWHV XSUHJXODWHG LQ WKH'6
7KHUH DUH RQO\  G\VUHJXODWHG JHQHV LQFOXGLQJ  +6$
JHQHV H[LVWHG LQ ERWK DJH SKDVHV 7KURXJK .(** SDWKZD\
DQDO\VLV ZH LGHQWLILHG  SDWKZD\V DIIHFWHG VLJQLILFDQWO\ E\
G\VUHJXODWHGJHQHV LQFKLOGUHQJURXSVXFKDV IRFDODGKHVLRQ
FHOO DGKHVLRQ PROHFXOHV UHJXODWLRQ RI DFWLQ F\WRVNHOHWRQ %
FHOO UHFHSWRU VLJQDOLQJ SDWKZD\ *UDIWYHUVXVKRVW GLVHDVH
1DWXUDO NLOOHU FHOO PHGLDWHG F\WRWR[LFLW\ DQG 3ULPDU\
LPPXQRGHILFLHQF\ 2Q WKH FRQWUDU\  LQYROYHG SDWKZD\V
/HXNRF\WH WUDQVHQGRWKHOLDO PLJUDWLRQ &HOO DGKHVLRQ
PROHFXOHV DQG 6\VWHPLF OXSXV HU\WKHPDWRVXVZHUH IRXQG LQ
QHRQDWHV2XUUHVXOWVH[SORUHGWKHZKROHWUDQVFULSWRPHVLQWKH
SHULSKHUDO EORRG FHOOV RI'6SDWLHQWV DQG VKRZHGDQREYLRXV
G\QDPLFYDULDWLRQZLWKSDWLHQWDJH7KHIXQFWLRQDODQQRWDWLRQ
LQGLFDWHGWKDWWKHG\VUHJXODWHGJHQHVDQGSDWKZD\VDUHFORVHO\













FKDUDFWHUL]HG E\ WKH DSSHDUDQFH RI ODUJH WKLFN WLJKWO\
DGKHUHQWGDUNEURZQVFDOHVRQXSSHUDQGORZHUH[WUHPLWLHVRI
DIIHFWHG LQGLYLGXDOV ,QPDMRULW\RISDWLHQWVZLWK5;/,HQWLUH
6WHURLG 6XOIDWDVH 676 JHQH DQG IODQNLQJ VHTXHQFHV KDYH
EHHQIRXQGGHOHWHG$,067RVHDUFKIRUSDWKRJHQLFPXWDWLRQV
LQ676JHQHLQ3DNLVWDQLSRSXODWLRQDIIHFWHGZLWK5;/,,QWKH
SUHVHQW LQYHVWLJDWLRQ ZH KDYH VWXGLHG WKUHH ODUJH 3DNLVWDQL
IDPLOLHV ZLWK  LQGLYLGXDOV DIIHFWHG ZLWK 5;/, '1$
VDPSOHV RI DOO DYDLODEOH DIIHFWHG DQG XQDIIHFWHG LQGLYLGXDOV
ZHUH 3&5 DPSOLILHG DQG WKHQ VXEMHFWHG WR DJDURVH JHO
HOHFWURSKRUHVLV DQG'1$ VHTXHQFLQJ$JDURVH JHO DQG'1$
VHTXHQFHDQDO\VLVRI3&5DPSOLILHGSURGXFWVKDYHGHWHFWHGD
FRPSOH[ GRXEOH GHOHWLRQ LQ D IDPLO\ ZLWK  DIIHFWHG
LQGLYLGXDOV $IIHFWHG LQGLYLGXDOV RI WKH RWKHU WZR IDPLOLHV
VKRZHG GHOHWLRQ RI WKH HQWLUH 676 JHQH 7R RXU NQRZOHGJH



















 VXEMHFWV  VXEMHFWV ZLWK HVWDEOLVKHG GLDEHWLF
QHSKURSDWK\ '1  ZLWK ORQJVWDQGLQJ 7'0 EXW QR
NLGQH\ GLVHDVH '0  ZLWK NLGQH\ GLVHDVH QRW GXH WR
GLDEHWHV .' DQG  KHDOWK\ FRQWURO +& IRU YDULDWLRQ LQ
+)( &!* DQG *!$ 6/&$  *!$ &&5
*!$ DQG (/02  $!* JHQHV
3RO\PRUSKLVP DQDO\VLV ZDV SHUIRUPHG E\ 3&55)/3 DQG
7DTPDQJHQRW\SLQJDVVD\V7KHGXUDWLRQRIGLDEHWHVZDV
 DQG    \HDUV S LQ '0 DQG '1 JURXS
UHVSHFWLYHO\ &KROHVWHURO WULJO\FHULGH +E$F YDOXHV ZHUH
VLJQLILFDQWO\PRUHLQ'1DVFRPSDUHGWR'0S 
DQG  1HXURSDWK\ DQG UHWLQRSDWK\ ZHUH DOVR PRUH
IUHTXHQWLQ'1SJURXS7KHJHQRW\SHIUHTXHQFLHVRI
WKH YDULRXV JHQHV DUH JLYHQ EHORZ*HQRW\SH'0Q '1Q
.'Q +&Q  +)( &!*&& 
D  E &*  
**6/&$
242 HUGO J (2011) 5:1–346
123
*!$**<=
*$    $$ 
&&5*!$**
H  I*$  
  $$   
 (/02  $!*$$  
  $*    
**     3 DE
S HIS \]  :H GLG QRW ILQG DQ\ GLIIHUHQFH LQ WKH
IUHTXHQFLHVRIDQ\RIWKH613VEHWZHHQ'0DQG'1JURXSV
'LIIHUHQFHV ZHUH QRWHG EHWZHHQ JURXSV ZLWK DQG ZLWKRXW
GLDEHWHV 6/&$ ** DQG &&5 $$ JHQRW\SHV
ZHUH VLJQLILFDQWO\ PRUH IUHTXHQW LQ GLDEHWLFV S  25
 ^&, ` DQG S  25  ^&,
` UHVSHFWLYHO\ 7KH RWKHU LQWHUJURXS GLIIHUHQFHV




QRW ILQG DQ\ GLIIHUHQFH LQ WKH IUHTXHQFLHV RI WKH VWXGLHG
SRO\PRUSKLVPV EHWZHHQ LQGLYLGXDOV ZLWK 7'0 ZLWK RU
ZLWKRXW QHSKURSDWK\ 6HYHUDO 613V KRZHYHU VKRZ DOWHUHG
















$SROLSRSURWHLQ ( $32 ( LV DQ XELTXLWDU\ DSROLSRSURWHLQ
LQYROYHG LQ WKHPHWDEROLVP RI FKROHVWHURO 5HFHQWO\ $32 (
DOOHOH GLVWULEXWLRQ KDV EHHQ LQYHVWLJDWHG LQ PXOWLSOH VFOHURVLV
06 DQ DXWRLPPXQH GLVHDVH FKDUDFWHUL]HG E\ LQIDPPDWRU\
GHP\HOLQDWLQJ OHVLRQV DQG E\ D FOLQLFDO FRXUVH YDULDEOH IURP
UHODSVLQJUHPLWWLQJ55 WRFKURQLFSURJUHVVLYH&3$QGDQ
DVVRFLDWLRQEHWZHHQWKHFRXUVHRI06DQGWKH$32(HDOOHOH
ZDV IRXQG 7KH DLP RI RXU VWXG\ ZDV WR H[SORUH WKH
UHODWLRQVKLS EHWZHHQ$32( SRO\PRUSKLVP DQG VXVFHSWLELOLW\
WR DQG FOLQLFDO SKHQRW\SHV RI 06 DPRQJ $OJHULDQ $UDE
VXEMHFWV (LJKW\ QLQH LQGLYLGXDOV PDOH  IHPDOH PHDQ
DJH   \HDUV ZLWK VSRUDGLF 06 DQG  KHDOWK\
FRQWUROVPDOHIHPDOHPHDQDJH\HDUV
ZHUH LQFOXGHG LQ RXU VWXG\ 7KH GLDJQRVLV RI06ZDVPDGH
DFFRUGLQJ WR 0F 'RQDOG HW DO  7KH 06 SDWLHQWV KDG
GHWDLOHG FOLQLFDO DQG ODERUDWRU\ HYDOXDWLRQV DQG $32(
JHQRW\SHV ZHUH GHWHUPLQHG LQ DOO WKH VXEMHFWV SDWLHQWV DQG
FRQWUROV E\ YDOLGDWHG 3&5 PHWKRGV &RQWURO VXEMHFWV ZHUH
VHOHFWHG IURP WKH GDWDEDVH RI WKH ,PPXQRJHQHWLF 8QLW '1$
%DQNRIWKH&RQVWDQWLQH8QLYHUVLW\+RVSLWDO$WGLDJQRVLVWKH
PHDQ DJH ZDV     \HDUV 7KH PRVW FRPPRQ
SUHVHQWLQJ V\PSWRPV ZHUH XQLODWHUDO YLVXDO ORVV RU EOXUULQJ
QXPEQHVVDQGSDUDHVWKHVLDRI OHJVDUPV IDFH DQGRU
PXOWLSOH VLWHV  GLSORSLD  DQGXQVWHDGLQHVVRI
JDLWDQGRUDWD[LD7KHGLVHDVHFRXUVHZDVFODVVLILHG
DV UHODSVLQJ±UHPLWWLQJ  UHODSVLQJ±SURJUHVVLYH
 +RPR]\JRXV ( ZDV WKH PRVW IUHTXHQW JHQRW\SH
 2QH  SDWLHQW DQG  FRQWURO VXEMHFWV ZHUH
KRPR]\JRXV IRU(7KHUHZHUHQR VLJQLILFDQWGLIIHUHQFHV LQ
DOOHOH IUHTXHQFLHV EHWZHHQ SDWLHQWV DQG FRQWUROV DOWKRXJK
WKHUHZDVD WUHQG WRZDUGV ORZHU( IUHTXHQF\ LQ WKHSDWLHQWV
S $GGLWLRQDOO\WKHUHZDVQRGLIIHUHQFHLQIUHTXHQFLHV
LQ ( EHWZHHQ SDWLHQWV DQG FRQWUROV 'LVFXVVLRQ 5HFHQWO\
$32 ( SRO\PRUSKLVP KDV EHHQ LQYHVWLJDWHG LQ 06 SDWLHQWV
DQGDQDVVRFLDWLRQHPHUJHGEHWZHHQWKH$32(DOOHOHDQGD
PRUH UDSLG SURJUHVVLRQ RI GLVDELOLW\ LQ 06 ,Q WKH SUHVHQW
VWXG\ WKH$32(JHQRW\SH IUHTXHQF\GLVWULEXWLRQ LQPXOWLSOH
VFOHURVLV SRSXODWLRQ DQDO\]HG ZDV QRW VLJQLILFDQWO\ GLIIHUHQW
IURP FRQWUROV SRSXODWLRQ 7KH UHODWLRQVKLS EHWZHHQ $32(



















*HQRPLF LQVWDELOLW\ GXH WR '1$GDPDJH DQG UHSDLU GHIHFWV
FDQ EH FRQVLGHUHG DV XQLILHG JHQHWLF PHFKDQLVP OHDGLQJ WR
YDULHW\RIQHXURORJLFDOGLVRUGHUV+RZHYHUWKHUROHRIJHQRPH
DQG FKURPRVRPH LQVWDELOLW\ LQ QHXURGHJHQHUDWLRQ DQG KXPDQ
EUDLQ DJLQJ LV SRRUO\ XQGHUVWRRG +HUH ZH PRQLWRUHG WKH
LQWHJULW\RILQWHUSKDVHJHQRPHLQQHXURQDOFHOOVRIWKHEUDLQLQ
DWD[LDWHODQJLHFWDVLD $7 20,0   PRQRJHQLF
QHXURORJLFDO DV ZHOO FKURPRVRPH LQVWDELOLW\ GLVHDVH
FKDUDFWHUL]HG E\ SURJUHVVLYH FHUHEHOODU GHJHQHUDWLRQ DQG
SUHPDWXUH DJLQJ $SSOLFDWLRQ RI ,0),6+ DQG ,&60&%
WHFKQLTXHV ZLWK H[WHQGHG VHW RI '1$ SUREHV IRU GLIIHUHQW
FKURPRVRPHV           ; DQG <
DOORZHG XV WKH LGHQWLILFDWLRQ DQ GUDPDWLF LQFUHDVH LQ
DQHXSORLG\ DQG QRQUDQGRP EUHDNV DIIHFWLQJ FKURPRVRPHV
DQG;LQQHXUDOFHOOVRIWKH$7FHUHEHOOXP,RXURYHWDO
 *HQRPH LQVWDELOLW\ KDV PRUH VHYHUHO\ DIIHFWV WKH
FHUHEHOOXP WKDW WKH FHUHEUXP DQG WKHUHIRUH KDV PRVDLF
H[SUHVVLRQ LQ WKH $7 EUDLQ 0RUHRYHU DQ DJHGHSHQGHQW
LQFUHDVH LQ DQHXSORLG\ DQG FKURPRVRPH EUHDNV VSHFLILFDOO\
LQYROYLQJFKURPRVRPHVDQG;ZDVREVHUYHG LQ WKH$7




2YHUSURGXFWLRQ RI LPPDWXUH QHXUDO FHOOV ZLWK XQUHDOL]HG
FKURPRVRPH EUHDNV DQG DQHXSORLG\ WDNHV SODFH H[FOXVLYHO\
GXULQJ HDUO\ EUDLQ GHYHORSPHQW 7KHVH FKURPRVRPDOO\
DEHUUDQW FHOOV PLJKW EH UHVLVWDQW WR FOHDUDQFH WKURXJKRXW
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RQWRJHQ\ DQG WKHUHIRUH VXUYLYH XQWLO WKH GHDWK RI WKH $7
SDWLHQWV  $Q DJHGHSHQGHQW LQFUHDVH LQ WKH SHUFHQWDJH RI
FKURPRVRPDOO\GHIHFWLYHFHOOVEHFRXOGH[SODLQHGE\DEQRUPDO
GHYHORSPHQWDO QHXURJHQHVLV LQ WKH GHJHQHUDWLQJ FHUHEHOOXP
GXULQJ EUDLQ DJLQJ7KHUHIRUHZH VKRXOG SRVWXODWH WKDW DGXOW
QHXURJHQHVLV RFFXUV LQ WKH GLVHDVHG $7 FHUHEHOOXP :H
VSHFXODWH KHUH WKDW WKH ORQJHU WKH OLIHWLPH RI$7 LQGLYLGXDOV
WKH ELJJHU DPRXQW RI LPPDWXUH QHXURQDOOLNH FHOOV LV
DFFXPXODWHG LQ WKH GHJHQHUDWLQJ FHUHEHOOXP 7KXV WKH
SHUVLVWHQFH DQG DJHGHSHQGHQW DFFXPXODWLRQ RI QHXUDO FHOOV
ZLWKFKURPRVRPHEUHDNVGXULQJRQWRJHQ\HYHQLPPDWXUHDQG
FKURPRVRPDOO\ DEQRUPDO FRXOG SURWHFW WKH GLVHDVHG
FHUHEHOOXPDJDLQVW GUDPDWLF FHOO ORVV DQG WKHUHIRUH SDUWLDOO\
SUHYHQWV WKH SURJUHVVLRQ RI QHXURGHJHQHUDWLRQ 7KHVH UHVXOWV
LQGLFDWH WKDW VRPDWLFDOO\ DFTXLUHG FKURPRVRPH GDPDJH PD\
UHSUHVHQW DQ LPSRUWDQW JHQHWLF SKHQRPHQRQ PHGLDWLQJ
FHUHEHOODU GHJHQHUDWLRQ DQG DFFHOHUDWLQJ EUDLQ DJLQJ























LQ 0DOD\VLD DQG KHUHGLWDU\ QRQSRO\SRVLV FRORUHFWDO FDQFHU
+13&& DOVR FDOOHG DV /\QFK V\QGURPH DFFRXQWV IRU
DSSUR[LPDWHO\  RI DOO FRORUHFWDO FDQFHUV ,W LV
FKDUDFWHUL]HG E\ DQ DXWRVRPDO GRPLQDQW LQKHULWDQFH ZLWK
PXOWLSOHPHPEHUV DIIHFWHG LQ IDPLOLHV KLJK JHQH SHQHWUDQFH
DQGHDUO\RQVHWRIFRORUHFWDOFDQFHUDQGH[WUDFRORQLF
FDQFHU VXFK DV HQGRPHWULDO FDQFHU 'RPLQDQWO\ LQKHULWHG
JHUPOLQH PXWDWLRQV LQ D JURXS RI '1$ PLVPDWFK UHSDLU
005 JHQHVPDLQO\0/+ DQG06+ DUH UHVSRQVLEOH IRU
WKH PDMRULW\ RI /\QFK V\QGURPH FDVHV %DVHG RQ 5HYLVHG
%HWKHVGD *XLGHOLQHV ZH LGHQWLILHG  IDPLOLHV LQ ZKLFK
PXOWLSOHPHPEHUVDUHDIIHFWHGZLWKFRORUHFWDODQGH[WUDFRORQLF
FDQFHUV DQG DOVR ZLWK DQ HDUO\ DJH RI GLVHDVH RQVHW 2XU
REMHFWLYHV ZHUH WR DQDO\]H WKH SURWHLQ H[SUHVVLRQ SURILOH RI
005 SURWHLQ 0/+ DQG 06+ XVLQJ
LPPXQRKLVWRFKHPLVWU\ WR VFUHHQ IRU JHUPOLQH PXWDWLRQV LQ
0/+DQG06+JHQHXVLQJG+3/&DQGDOVRWRH[SORUHWKH
UROH RI 0/+ JHUPOLQH HSLPXWDWLRQV LQ WKRVH SDWLHQWV ZKR
VKRZHG DEVHQW H[SUHVVLRQ RI0/+SURWHLQ LQ WKH WXPRU EXW
QRJHUPOLQHPXWDWLRQV LGHQWLILHG LQ WKH0/+JHQH3DUDIILQ
WLVVXHEORFNVZHUHVHOHFWHGIURPFRORUHFWDOFDQFHUDQGDGMDFHQW
QRQQHRSODVWLFQRUPDOFRORQRIUHVHFWHGFRORUHFWDOVSHFLPHQV
IRU LPPXQRKLVWRFKHPLFDO DQDO\VLV RI 005 SURWHLQ
H[SUHVVLRQ 3HULSKHUDO EORRG IURP /\QFK V\QGURPH SDWLHQWV
ZDV FROOHFWHG DQG'1$ZDV H[WUDFWHG XVLQJ FRPPHUFLDOL]HG
NLW DQG DOO WKH  H[RQV DQG  H[RQV RI0/+ DQG06+
JHQHV UHVSHFWLYHO\ ZHUH 3&5 DPSOLILHG XVLQJ DSSURSULDWH
SULPHUV $PSOLFRQV ZHUH VFUHHQHG IRU PXWDWLRQV E\ G+3/&
DQG PXWDWLRQ ZDV FRQILUPHG E\ '1$ VHTXHQFLQJ 3DWLHQWV
ZKR VKRZHG QR 0/+ H[SUHVVLRQ LQ WKH WXPRU DQG QR
JHUPOLQH PXWDWLRQV LGHQWLILHG LQ WKH 0/+ JHQH ZHUH
VFUHHQHG IRU PHWK\ODWLRQ RI WKH 0/+ DQG (30$,3
SURPRWHUE\PHWK\ODWLRQVSHFLILF3&5DQGFRPELQHGELVXOILWH
UHVWULFWLRQ DQDO\VLV $EVHQW H[SUHVVLRQ RI 0/+ DQG06+
SURWHLQZDVREVHUYHGLQDQGUHVSHFWLYHO\RXWRI/\QFK
V\QGURPH SDWLHQWV+RZHYHU QR JHUPOLQHPXWDWLRQ KDV EHHQ
LGHQWLILHG LQ 0/+ JHQH +RZHYHU 0/+ SURPRWHU
SRO\PRUSKLVP *!$ ZDV LGHQWLILHG DV D IUHTXHQW
RFFXUUHQFH DPRQJ WKHVH SDWLHQWV %XW PXWDWLRQDO DQDO\VLV
UHYHDOHG WKH JHUPOLQH PXWDWLRQ LQ 06+ JHQH  DQG
LPSRUWDQWO\ D QRYHO PXWDWLRQ WUDQVYHUVLRQ PXWDWLRQ
F*!& ZKLFK UHVXOWHG LQ D PLVVHQVH PXWDWLRQ




VWXG\ UHSRUWLQJ RQ WKH '1$ 005 JHQHV PXWDWLRQ DPRQJ
0DOD\VLDQ /\QFK V\QGURPH SDWLHQWV 7KH VWXG\ LV EHLQJ
FRQWLQXHG WR LQYHVWLJDWH WKH IUHTXHQF\ DQG SDWWHUQ RI RWKHU
'1$ 005 JHQH PXWDWLRQV LQ 0DOD\VLDQ /\QFK V\QGURPH
















GLDEHWHV DQG K\SHUWHQVLRQ  2EMHFWLYHV 7R LQYHVWLJDWH WKH
SRVVLEOH LQYROYHPHQW RI $*7 07 SRO\PRUSKLVP ZLWK
K\SHUWHQVLRQ GLDEHWHV DQG 6WURNH LQ 3DNLVWDQL DV ZHOO DV LQ
',$%+<&$5 ',$EHWHV +<SHUWHQVLRQ &DUGLRYDVFXODU
HYHQWV $1' 5DPLSULO JURXS RI )UHQFK SRSXODWLRQ  :H
GHWHUPLQHGWKH$*707SRO\PRUSKLVPXVLQJD7DTPDQ
DQDO\VLV )RU WKLV SXUSRVH WRWDO  SDWLHQWV RI
',$%+<&$5DQG  WRWDO VXEMHFWV RI3DNLVWDQL SRSXODWLRQ
LQ IRXU JURXSV '1  &RQWURO  'LDEHWLFV  DQG
QHSKURSDWK\JURXSZDVDQDO\]HG5HVXOWVDUHSUHVHQWHGDV
PHDQV6'*URXSVZHUH FRPSDUHG XVLQJ WKH FKL DQG IRU
FRQWLQXRXV YDULDEOHV XVLQJ SDUDPHWULF 6WXGHQWµV W WHVW
$129$ IRU WKH $*7 SRO\PRUSKLVP $*7 07
SRO\PRUSKLVP LV QRW DVVRFLDWHG ZLWK GLDEHWHV DQG GLDEHWLF
QHSKURSDWK\ LQ 3DNLVWDQL SRSXODWLRQ ZLWK 3 YDOXH  DQG
 6LPLODUO\ WKH\ DOVR GR QRW JLYH DQ\ DVVRFLDWLRQ ZLWK
EORRGSUHVVXUHLQDQ\RIWKHIRXUJURXSVPHQWLRQHGDERYH,Q
RXU)UHQFKFRKRUWRIVXEMHFWV$*707ZHIRXQG
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VLJQLILFDQW DVVRFLDWLRQ ZLWK WKH V\VWROLF DQG GLDVWROLF %ORRG
SUHVVXUH LQ PDOHV ZLWK 3 YDOXH  DQG  UHVSHFWLYHO\
ZKLOHLQIHPDOHVZHGRQRW ILQGDQ\DVVRFLDWLRQZLWK3YDOXH
DQG,Q)UHQFK&RKRUWZHDOVRIRXQGWKHVLJQLILFDQW
DVVRFLDWLRQ ZLWK 6WURNH LQ PDOHV ZLWK 3 YDOXH  7KHVH
UHVXOWV VXSSRUW WKH K\SRWKHVLV WKDW$*7JHQH SOD\V D UROH LQ
SUHGLVSRVLWLRQ WR K\SHUWHQVLRQ DQG VWURNH DV LQ )UHQFK















7KH (QVHPEO SURMHFW KWWSZZZHQVHPEORUJ SURYLGHV DQ
LQIUDVWUXFWXUH WKDW LQWHJUDWHV KLJK TXDOLW\ DQQRWDWLRQ RQ
FKRUGDWH DQG VHOHFWHG HXNDU\RWLF JHQRPHV *HQRPLF
DVVHPEOLHVGLVSOD\FRPSUHKHQVLYHHYLGHQFHEDVHGDQQRWDWLRQ
LQFOXGLQJ WKH*(1&2'(KXPDQ JHQH VHWZLWK DZHDOWK RI
DGGLWLRQDOGDWDVXFKDVVHTXHQFHYDULDWLRQVDQGZKROHJHQRPH
DOLJQPHQWV DYDLODEOH IRU KXPDQ PRXVH DQG RWKHU VSHFLHV
LQFOXGLQJ WKRVH XVHG LQ ELRPHGLFDO UHVHDUFK  7KH (QVHPEO
JHQRPH EURZVHU LQWHJUDWHV GDWD IURP QXPHURXV DQFLOODU\
GDWDEDVHV SRO\PRUSKLVPV DQG RWKHU VHTXHQFH YDULDWLRQ IURP
GE613 VRPDWLF YDULDWLRQ IURP &260,& SURWHLQ GRPDLQV
IURP3IDPDQG,QWHU3URSURWHLQDQQRWDWLRQIURP8QL3URWHWF
(QVHPEO GHOLYHUV ZKROH JHQRPH DOLJQPHQWV SDLUZLVH
DOLJQPHQWVDQGFRPSDULVRQVDFURVVPXOWLSOHVSHFLHVLQFOXGLQJ
 SULPDWHV  HXWKHULDQ PDPPDOV DQG  WHOHRVW ILVK
+RPRORJLHV DUH GHWHUPLQHG WKURXJK FRQVWUXFWLRQ RI
SK\ORJHQHWLF JHQH WUHHV DQG D ILUVW JOLPSVH RI ZKHUH JHQH
UHJXODWRU\IHDWXUHVPD\EHRQDJHQRPHZLGHVFDOHLVIRXQGLQ
(QVHPEOµV UHJXODWRU\ EXLOG DQ DQDO\VLV DQG LQWHJUDWLRQ RI
(1&2'(GDWDDPRQJVWRWKHUGDWDVHWV$ORQJVLGHWKHKXPDQ
JHQRPHQHDUO\RWKHUJHQRPHVDUHVXSSRUWHGZLWKJHQHVHWV
DQG ZKROH JHQRPH DOLJQPHQWV DORQJ ZLWK LGHQWLILFDWLRQ RI
JHQH RUWKRORJ\ DQG SURWHLQ IDPLOLHV  (QVHPEO GDWD DUH
DFFHVVLEOHWKURXJKDQLQWHUDFWLYHZHEVLWHZZZHQVHPEORUJ
DQG IWS VLWH SURYLGLQJ IODW ILOHV GLUHFW GDWDEDVH TXHU\LQJ
WKURXJK0\64/DVHWRI3HUO$3,VDQG%LR0DUWDSRZHUIXO
GDWDPLQLQJ WRROXVHGE\SURJUDPPHUVDQGQRQSURJUDPPHUV
DOLNH0RUHRYHU (QVHPEO KDV LQWURGXFHGZLGHO\ XVHIXO WRROV
VXFK DV 9DULDQW (IIHFW 3UHGLFWRU WR DQQRWDWH IXQFWLRQDO
FRQVHTXHQFHVDQGVKRZPDWFKLQJGE613,'VRIXVHULQSXWWHG
















7KH (XURSHDQ %LRLQIRUPDWLFV ,QVWLWXWH (0%/(%, KRVWV
VHYHUDO JHQRPLF GDWDEDVHV DQG SURYLGHV VROXWLRQV IRU WKH
SHUPDQHQW DUFKLYLQJ DQG GLVWULEXWLRQ RI GDWD UHVXOWLQJ IURP
ELRPHGLFDO UHVHDUFK SURMHFWV  7KH (XURSHDQ *HQRPH
SKHQRPH$UFKLYH(*$KWWSZZZHELDFXNHJDIRFXVHVRQ
SHUVRQDOO\LGHQWLILDEOHJHQHWLFDQGSKHQRW\SLFGDWDJHQRW\SHV
VWUXFWXUDO YDULDQWV DQG ZKROHJHQRPH VHTXHQFHV 7KH (*$
FRQWDLQV H[FOXVLYH GDWDVHWV FROOHFWHG IURP LQGLYLGXDOV ZLWK
DFFRPSDQ\LQJFRQVHQWDJUHHPHQWV WKDWDXWKRUL]HD FRQWUROOHG
GDWD UHOHDVH IRU VSHFLILF UHVHDUFK XVH RU WR ERQD ILGH
UHVHDUFKHUV 7KH(*$SURMHFW LVJRYHUQHGE\VWULFWSURWRFROV
WR HQVXUH WKDW GDWD LV PDQDJHG VWRUHG DQG GLVWULEXWHG LQ D
VHFXUH PDQQHU WKDW UHVSHFWV WKH FRQVHQW DJUHHPHQWV )RU DOO
GDWD DUFKLYHG LQ WKH (*$ V\VWHP WKH GDWD DFFHVV GHFLVLRQV
UHPDLQ ZLWK WKH GDWD SURGXFLQJ RUJDQL]DWLRQ 5HVHDUFKHUV
DXWKRUL]HG E\ WKH DSSURSULDWH GDWD DFFHVVJUDQWLQJ




WKH LQGLYLGXDO OHYHO ,W DFFHSWV VXEPLVVLRQV DFFHVVLRQV WKH




GE9DU DQ WKH 1&%, DQG KDV LPSOHPHQWHG WKH VDPH
DFFHVVLRQLQJPRGHO'*9DDOVRFROODERUDWHVH[WHQVLYHO\ZLWK
WKH'DWDEDVHRI*HQRPLF9DULDQWV '*9ZKLFK LV EDVHG DW













7KH UHFHQW H[SORVLRQ RI ELRORJLFDO GDWD DQG WKH FRQFRPLWDQW
SUROLIHUDWLRQ RI GLVWULEXWHG GDWDEDVHVPDNH LW FKDOOHQJLQJ IRU
ELRORJLVWV DQG ELRLQIRUPDWLFLDQV WR GLVFRYHU WKH EHVW GDWD
UHVRXUFHVIRUWKHLUQHHGVDQGWKHPRVWHIILFLHQWZD\WRDFFHVV
DQG XVH WKHP )RU WKH ELRORJLVW UXQQLQJ ELRLQIRUPDWLFV
DQDO\VHV LQYROYH D WLPHFRQVXPLQJPDQDJHPHQW RI GDWD DQG
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WRROV 8VHUV QHHG VXSSRUW WR RUJDQL]H WKHLU ZRUN UHWULHYH
SDUDPHWHUVDQGUHSURGXFHWKHLUDQDO\VHV7KH\DOVRQHHGWREH
DEOH WR FRPELQH WKHLU DQDO\WLF WRROV XVLQJ D VDIH GDWD IORZ
VRIWZDUH PHFKDQLVP )LQDOO\ ZH KDYH GHVLJQHG D V\VWHP
%LRLQIR3RUWDO WR SURYLGH D IOH[LEOH DQG XVDEOH ZHE
HQYLURQPHQWIRUGHILQLQJDQGUXQQLQJELRLQIRUPDWLFVDQDO\VHV
,WHPEHGVVLPSOH\HWSRZHUIXOGDWDPDQDJHPHQWIHDWXUHVWKDW
DOORZ WKH XVHU WR UHSURGXFH DQDO\VHV DQG WR FRPELQH WRROV
XVLQJDQDGREHIOH[WRRO%LRLQIR3RUWDOFDQDOVRDFWDVDIURQW
HQGWRSURYLGHDXQLILHGYLHZRIDOUHDG\H[LVWLQJFROOHFWLRQVRI
ELRLQIRUPDWLFV UHVRXUFHV 8VHUV FDQ DQDO\]H JHQRPLF DQG
SURWHRPLF GDWDE\ XVLQJ WKH WRROV WKDW KDV EHHQ LQWHJUDWHG LQ
WKH SRUWDO WRROV IRU DOLJQPHQWV GRWSORWV PRWLI GHWHFWLRQ
GRPDLQ DQDO\VLV SURILOH VHDUFKLQJ DQG WHUWLDU\ VWUXFWXUH
SUHGLFWLRQ 7KH VHTXHQFHV WKDW XVHU REWDLQHG IURP SRUWDOµV
QXFOHRWLGHDQGSURWHLQGDWDEDVHVHDVLO\DQDO\]HGE\WKHSRUWDO













5HJLVWU\ LV D V\VWHP IRU FROOHFWLRQ VWRUDJH UHJLVWUDWLRQ
UHFRUGNHHSLQJ DQG UHIHUUDO RI JHQHWLF GDWD PDWHULDOV RU
UHVRXUFHV LQFOXGLQJ SDWLHQW DQG GLVHDVH GDWD '1$ EDQN IRU
WKH SUHVHUYDWLRQ RI JHQHWLF VWRFNV DQG VWUDLQV ,W LQFOXGHV
JHQHWLFGLVRUGHUFOLQLFDOUHJLVWU\'1$EDQNJHQHWLFUHVRXUFH
UHSRVLWRU\ DQG ELRPHGLFDO UHJLVWU\ $LPV RI WKH SURMHFW 




LQIRUPDWLRQ RI PRUH WKDQ WZHQW\ VHYHQ WKRXVDQGV ILOHV RI
JHQHWLF GLVRUGHUV UHIHUUHG WR WKH JHQHWLF FOLQLF UHFRUGHG RYHU





QHZVOHWWHUV IRU SDWLHQWV IDPLOLHV DQG KHDOWK SURIHVVLRQDOV
5HVXOWVDQGGLVFXVVLRQ7KHXVHRIWKH(J\SWLDQSURJUDPIRU
GDWD EDVH HQWU\ *HQH $VVLVW 7KLV V\VWHP SURYHG WR EH
HIILFLHQW IRU JHQHWLF GLVRUGHUV GDWD EDVH DQG PRGLILHG WR EH
HDV\ LQ GDWD HQWU\  5HJLVWUDWLRQ RI  ILOHV ZDV
DFFRPSOLVKHG WKURXJK ODVW WZR \HDUV  7KH FROOHFWLRQ RI
'1$VDPSOHVDIWHUFRQVHQWRIWKHSDWLHQWVDSSURYHGIURPWKH
0HGLFDO (WKLFDO &RPPLWWHH 1DWLRQDO 5HVHDUFK &HQWUH 
,QLWLDWLRQ RI '1$ ELREDQN  5HFRUGLQJ ILQDO DFFXUDWH
GLDJQRVLVIRUPRVWRIWKHSDWLHQWV(VWDEOLVKPHQWRILQWUDQHW
EHWZHHQ WKH GLIIHUHQW GHSDUWPHQWV DQG WKH FOLQLF RI KXPDQ
JHQHWLFV WKURXJK WHQ FRPSXWHU XQLWV DQG VHUYHU  6WDUWLQJ
VRPH GLDJQRVWLF SURJUDPV LQFOXGLQJ WKH HQWHUHG GDWD  7KH
GHYHORSPHQW RI WKH VHDUFKDEOH VFUHHQV HJ VHDUFK VFUHHQ RQ
SHGLJUHH DQG GLIIHUHQW FOLQLFDO PDQLIHVWDWLRQV  7KH
GHYHORSPHQW RI GLDJQRVWLF H[SHUW V\VWHP IRU VRPH FRPPRQ
JHQHWLF GLVRUGHUV HJ ZH VWDUWHG ZLWK FUDQLRV\QHVWRVLV DQG
GLVRUGHUVRIVH[GHYHORSPHQW7KHDFKLHYHPHQWVRIWKHSURMHFW
DUH7KHFKRLFHDJRRGHIILFLHQW(J\SWLDQV\VWHPIRUGDWDHQWU\
IRU JHQHWLF GLVRUGHUV *HQH $VVLVW DQ LQWUDQHW FRQQHFWLRQ

















RI SURWHLQFRGLQJ JHQHV RI KLJKHU HXNDU\RWHV LV FRUUHFWO\
SUHGLFWHG IRU RQO\ DERXW  RI WKH JHQHV ,Q RXU SUHYLRXV
ZRUNZHKDYHGHYHORSHG WKH0LV3UHGSURWRFRO WKDWXVHG ILYH
GLVWLQFW URXWLQHV IRU LGHQWLI\LQJPLVSUHGLFWHGHQWULHVEDVHGRQ
WKH SULQFLSOH WKDW D SURWHLQJHQH VHTXHQFH LV OLNHO\ WR EH
LQFRUUHFW LI VRPH RI LWV IHDWXUHV FRQIOLFW ZLWK RXU FXUUHQW
NQRZOHGJHDERXWSURWHLQFRGLQJJHQHVDQGSURWHLQV+HUHZH
SUHVHQW D QHZ URXWLQH RI WKH0LV3UHG DSSURDFK WKH 'RPDLQ
$UFKLWHFWXUH'HYLDWLRQURXWLQH7KHUDWLRQDOHRIWKLVDSSURDFK
LV WKDW VLQFH JHQRPLF UHDUUDQJHPHQWV OHDGLQJ WR GRPDLQ
DUFKLWHFWXUH '$ FKDQJH RI RUWKRORJRXV SURWHLQV DUH UDUH
HYROXWLRQDU\ HYHQWV GHYLDWLRQ RI '$ RI FORVHO\ UHODWHG
RUWKRORJV PD\ EH PRUH OLNHO\ WR EH GXH WR HUURUV LQ JHQH
SUHGLFWLRQ WKDQ WR JHQRPLF UHDUUDQJHPHQW  7R HVWLPDWH WKH
FRQWULEXWLRQRIHUURUV LQJHQHSUHGLFWLRQ WRGLIIHUHQFHV LQ'$
RISUHGLFWHGSURWHLQVZHKDYHXVHG WKHKLJKTXDOLW\PDQXDOO\
FXUDWHG 8QL3URW.%6ZLVV3URW GDWDEDVH DV D UHIHUHQFH
&RPSDULVRQRIWKH'$RI8QL3URW.%6ZLVV3URWVHTXHQFHVRI
ZRUP IO\ ]HEUD ILVK IURJ FKLFN PRXVH UDW DQG RUDQJXWDQ
ZLWK WKRVH RI KXPDQ 6ZLVV3URW HQWULHV KDYH LGHQWLILHG IHZ
FDVHV ZKHUH RUWKRORJV KDG GLIIHUHQW '$ DOWKRXJK WKH
SHUFHQWDJH ZLWK GLIIHUHQW '$ LQFUHDVHG ZLWK HYROXWLRQDU\
GLVWDQFH ,Q FRQWUDVW ZLWK WKLV FRPSDULVRQ RI WKH '$ RI
KXPDQRUDQJXWDQUDWPRXVHFKLFNHQIURJ]HEUDILVKZRUP
DQG IO\ 5HI6HT (QV(0%/ RU 1&%,
V *12021 SUHGLFWHG
SURWHLQVHTXHQFHVZLWKWKRVHRIWKHFRUUHVSRQGLQJRUWKRORJRXV
KXPDQ 6ZLVV3URW HQWULHV LGHQWLILHG D VLJQLILFDQWO\ KLJKHU
SURSRUWLRQ RI '$ GLIIHUHQFHV WKDQ LQ WKH FDVH RI WKH
FRPSDULVRQ RI 6ZLVV3URW HQWULHV $QDO\VLV RI UHSUHVHQWDWLYH






0LV3UHG SURWRFRO LQ DVPXFK DV LW KHOSV WKH LGHQWLILFDWLRQ RI
PLVSUHGLFWHG VHTXHQFHV DQG LW LV DOVR D XVHIXO FRPSRQHQW RI
RXU)L[3UHGSURWRFROWKDWFRUUHFWVPLVSUHGLFWHGVHTXHQFHV
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$OWKRXJK RXU FXUUHQW NQRZOHGJH DERXW WKH EHJLQQLQJ RI WKH
SUHVHQFHRIPRGHUQKXPDQVLQ(XURSHFDQEHPDUNHGE\WKHLU
LQLWLDO DUULYDO VRPH  N\D IURP WKH0LGGOH (DVW OLWWOH LV
NQRZQ DERXW SRWHQWLDO GHPRJUDSKLF PRYHPHQWV WKDW KDYH
VKDSHG WKHLU JHQHWLF YDULDWLRQ WKURXJKRXW DUFKDHRORJLFDO
FXOWXUHV VXFK DV $XULJQDFLDQ *UDYHWWLDQ 6ROXWUHDQ HWF 7KH
UROH RI FOLPDWLF FKDQJHV VXFK DV /DVW *ODFLDO 0D[LPXP
/*0DQG LWVJUDGXDOUHWUHDW<RXQJHU'U\DVDQGILQDOO\WKH
+RORFHQH ʊFOLPDWLF RSWLPXP”, DUH XQGHUVWRRG RQO\ LQ YHU\
JHQHUDO WHUPV RI JHQH IORZV IURP WKH1HDU0LGGOH (DVW DQG
SRVVLEO\IURP&HQWUDO$VLDWR(XURSH5HFHQWSURJUHVVLQWKH
DQDO\VLVRIDQFLHQW'1$ LQSDUWLFXODU IURP WKHHDUO\&HQWUDO
(XURSHDQ1HROLWKLFSHULRGWKHVRFDOOHG/LQHDU3RWWHU\&XOWXUH
DURXQG\ESDOORZHGWRLGHQWLI\PW'1$KDSORJURXS1D
DV D OLNHO\ PDUNHU IRU WKH LQFRPLQJ 1HDU (DVW IDUPHUV
SRWHQWLDOO\DORQJVLGHZLWKVRPHRWKHUPW'1$YDULDQWV+DDN
HW DO   <HW VR IDU WKH XQGHUVWDQGLQJ RI WKH
SK\ORJHRJUDSK\ RI KDSORJURXS 1D KDV UHPDLQHG YDJXH
7KHUHIRUHZHKDYHDQDO\]HGDVDPSOHEDVHRIPW'1$V
IRU WKH SUHVHQFH RI 1D OLQHDJHV ZKHUH ZH LGHQWLILHG 
VDPSOHV 2XW RI WKHP ZH VHTXHQFHG FRPSOHWHO\ PW'1$
JHQRPHV 7RJHWKHUZLWK 1D VHTXHQFHV SUHVHQW LQ SXEOLF
GDWDEDVHV ZH FRQVWUXFWHG IXOOJHQRPH WUHH RI  JHQRPHV
UHSUHVHQWLQJ WKHLU YDULDWLRQ LQ 1RUWKZHVW DQG (DVW $IULFD
$UDELDWKH1HDU(DVW(DVWDQG:HVW(XURSHDVZHOODV,QGLD
DQG&HQWUDO$VLD 7KH WRSRORJ\ RI WKH REWDLQHG SK\ORJHQHWLF
WUHH DQG FRDOHVFHQFH FDOFXODWLRQV RI LQGLYLGXDO VXEFODGHV
FDUULHG RXW XVLQJ GLIIHUHQW PROHFXODU FORFN UDWH HVWLPDWHV
UHYHDO WKDW WKH 1D JHQRPLF YDULDQWV VDPSOHG LQ (XURSHDQV
EHORQJDFWXDOO\WRIRXUGLIIHUHQWVXEFODGHVRIWKLVDQFLHQWSUH
/*0 EUDQFK RI PDUFRKDSORJURXS 1 WKDW KDV VSOLW LQWR
LQGLYLGXDO VXEJURXSV RIWHQ ORQJ EHIRUH WKH+RORFHQH DQG WKH
VSUHDG RI DJULFXOWXUH WR (XURSH ZKLOH WKH RQO\ H[FOXVLYHO\
1HDU (DVWHUQ$IULFDQ VXEFOXVWHU FRDOHVFHV HYHQ EHIRUH WKH
/*02Q WKH RWKHU KDQG FRDOHVFHQFH WLPHV LQ IDFW VLJQDOV
IURPWKHEHJLQQLQJRIH[SDQVLRQVRIVRPHRIWKH(XURSHDQRU
ODUJHO\ (XURSHDQVSHFLILF VXEFODGHV RI 1D VXJJHVW WLPH
ZLQGRZVEURDGO\FRUUHVSRQGLQJWRWKHVSUHDGRIDJULFXOWXUHLQ
(XURSH<HW WKH SUREOHPDWLF DVSHFW RI WKH ILQGLQJ LV WKDWZH
FRXOG QRW UHYHDO DQ\ REYLRXV QHVWHG FODGLVWLF VWUXFWXUH WKDW
FRXOG EH FRQYLQFLQJO\ LQWHUSUHWHG DV DQ H[SDQVLRQ IURP WKH
1HDU (DVW )XUWKHUPRUH D VXEFODGH WKDW EULQJV WRJHWKHU (DVW
(XURSHDQ DQG IXUWKHU HDVWZDUGV1DJHQRPHV VHHPV WRRIIHU
DQ H[SDQVLRQ VLJQDO FRUUHVSRQGLQJ UDWKHU WR WKH HDUOLHU SUH
+RORFHQH SRVWJODFLDO SKDVH WKDQ WR WKH PLG+RORFHQH
QHROLWKL]DWLRQ7DNHQWRJHWKHUIXOOJHQRPHDQDO\VLVRIKXPDQ
PW'1$ KDSORJURXS 1D IUHTXHQW DPRQJ WKH HDUO\ PLG
(XURSHDQ 1HROLWKLF IDUPHUV FDUULHUV RI WKH /LQHDU 3RWWHU\
&XOWXUH UHYHDOVDPXFKPRUHFRPSOH[VFHQDULRRI LWVDQFLHQW





















5HPDUNDEOH SURJUHVV LQ KXPDQ JHQHWLFV KDV LGHQWLILHG
PXWDWLRQV LQ QXPHURXV JHQHV WKDW DUH OLQNHG ZLWK GLVHDVH
+RZHYHU WKH OLPLWDWLRQ RI WKHVH GLVFRYHULHV LV WKDW JHQHWLFV
RQO\ LGHQWLILHV LQGLYLGXDO JHQHV ZLWKRXW SODFLQJ WKHP LQWR
SDWKZD\V  7R DFKLHYH WKLV LW LV HVVHQWLDO WR LGHQWLI\ WKH




PRXVH HPEU\RQLF VWHP FHOOV P(6&V KDUERULQJ JHQH WUDS
LQGXFHGPXOWLSXUSRVHDOOHOHVRILQGLYLGXDOJHQHV6HYHUDO(6&
OLQHVZLWK VXLWDEOHJHQH WUDS LQVHUWLRQV LQGLVHDVHJHQHVZHUH
UHFRYHUHG IURP WKH H[LVWLQJ JHQH WUDS UHVRXUFHV **7& DQG
(8&200 DQG VXEMHFWHG WR 50&( XVLQJ DQ LQFRPLQJ
K\JURP\FLQ3$/$3WDJFDVVHWWHGHILQHGDVDSRUWDEOHH[RQ
E\XSVWUHDPVSOLFHDFFHSWRU6$DQGGRZQVWUHDPVSOLFHGRQRU
6'VLWHV 6LQFH WKHSRUWDEOHH[RQ LV IODQNHGE\KHWHURW\SLF
)UW) UHFRPELQDVH WDUJHW VLWHV 57V WKDWDUH LGHQWLFDO WR WKH
57V LQVHUWHG LQWR WKH JHQH WUDS ORFL WKH LQFRPLQJ FRQVWUXFW
FDQHIIHFWLYHO\UHFRPELQHZLWKWKHVHORFLLQSUHVHQFHRI)/3R
UHFRPELQDVH  $FFRUGLQJO\ VHOHFWLRQ IRU H[FKDQJH FDVVHWWH
LQVHUWLRQV LQ K\JURP\FLQ \LHOGHG FRUUHFWO\ UHFRPELQHG (6&
FORQHVZLWKDQHIILFLHQF\RIVHYHQW\SHUFHQW,QWKHVHFORQHV
WKH SRUWDEOH H[RQ ZDV FRUUHFWO\ VSOLFHG WR WKH HQGRJHQRXV
H[RQVRIWKHWUDSSHGJHQHWKHUHE\OHDGLQJWRWKHH[SUHVVLRQRI
/$3 WDJJHG YHUVLRQV RI WKH ZLOG W\SH SURWHLQV  6XEFHOOXODU
ORFDOL]DWLRQ WKH /$3WDJJHG SURWHLQV FORVHO\ PLUURUHG WKH
ORFDOL]DWLRQ RI WKH FRUUHVSRQGLQJ ZLOG W\SH SURWHLQV  0DVV
VSHFWURPHWULF DQDO\VLV RI LPPXQRSUHFLSLWDWHV LGHQWLILHG
VHYHUDONQRZQDQGXQNQRZQLQWHUDFWLRQSDUWQHUVLQHDFKFDVH
'HVSLWH H[WHQVLYH PDQLSXODWLRQ WKH (6& UHWDLQHG WKHLU
SOXULSRWHQF\ DV VKRZQ E\ WKH JHQHUDWLRQ RI DPRXVH OLQH E\
PLFURLQMHFWLRQ LQWR EODVWRF\VWV  2YHUDOO WKH H[SHULPHQWV
FRQILUP WKH VXLWDELOLW\ RI WKH LQ VLWX SURWHLQ WDJJLQJ



















3DHGLDWULF %FHOO SUHFXUVRU DFXWH O\PSKREODVW OHXNDHPLD LV D
FRPPRQ KDHPDWRORJLFDO PDOLJQDQF\ DFFRXQWLQJ IRU
DSSUR[LPDWHO\ RQH WKLUG RI DOO FKLOGKRRG PDOLJQDQFLHV 7KLV
GLVRUGHUPD\EHIXUWKHUVXEFDWHJRULVHGDQGWKHSURJQRVLVPD\




OLQHV EHLQJ GLIILFXOW WR PDLQWDLQ LQ YLWUR VWXGLHV DUH UDUH
0++&$// LV WKH RQO\ HVWDEOLVKHG KLJK K\SHUGLSORLG FHOO
OLQH DQG ZH KHUHLQ SHUIRUP DQ LQGHSWK VWXG\ RI LWV
F\WRJHQHWLF DQGPROHFXODU JHQHWLF IHDWXUHV+HUHLQZH UHYHDO
WKDW WKH0++&$// FHOO OLQH LQ IDFWRULJLQDWHGDVDQHDU
KDSORLGFKURPRVRPHVOHXNDHPLDZKLFKLVPDVNHGE\D
GRXEOLQJRIWKHZKROHFKURPRVRPHFRQWHQWJLYLQJLWDW\SLFDO
KLJK K\SHUGLSORLG '1$ LQGH[ RI  ZLWK D
;;;GHUWTT
NDU\RW\SH ,W GLG QRW KDUERXU PXWDWLRQV LQ DQ\ RI WKH
RQFRJHQHV15$6.5$63731DQG)/7QRUZHUHDQ\RI
WKH ZHOONQRZQ WUDQVORFDWLRQV W W W RU
T LQYROYHG +RZHYHU WKH QRYHO WUDQVORFDWLRQ W
TT ZDV LGHQWLILHG 3DWLHQWV ZLWK QHDUKDSORLG\
JHQHUDOO\ KDYH D SRRU SURJQRVLV DQG FRUUHFW LGHQWLILFDWLRQ RI
QHDUKDSORLG FDVHV PDVTXHUDGLQJ DV KLJK K\SHUGLSORLG LV
WKHUHIRUH LPSRUWDQW $V WKH DEQRUPDOLWLHV KDUERXUHG E\ WKH
















'HHS VHTXHQFLQJ RI WDUJHWHG UHJLRQV RI WKH JHQRPH KDV
UHYROXWLRQL]HG WKH GLVFRYHU\ RI UDUH YDULDQWV DVVRFLDWHG ZLWK
GLVHDVH  7R SURYLGH D VLQJOH UREXVW YHUVDWLOH ZRUNIORZ IRU
WDUJHWHG JHQRPLF DQDO\VLV E\ VHFRQGJHQHUDWLRQ VHTXHQFLQJ
ZH GHYHORSHG WKH 6XUH6HOHFW;7 V\VWHP WKDW FRPELQHV '1$
LVRODWLRQ VHTXHQFLQJ OLEUDU\ SUHSDUDWLRQ WDUJHW HQULFKPHQW
DQG VDPSOH LQGH[LQJEDUFRGLQJ (QULFKHG OLEUDULHV DUH UHDG\
IRU GLUHFW VHTXHQFLQJ RQ ,OOXPLQD RU 62/L' SODWIRUPV DQG
FRPSDWLELOLW\LVDOVRVKRZQZLWKWKHSODWIRUP7KHWDUJHW
HQULFKPHQWFRPSRQHQW LVDFFRPSOLVKHGE\ WKHK\EULGFDSWXUH
PHWKRG *QLUNH HW DO XVLQJ ORQJ KLJKTXDOLW\ ELRWLQ\ODWHG
51$SUREHVWKDWDUHFRPSOHPHQWDU\WRXVHUGHILQHGUHJLRQVRI
WKHJHQRPH:HVKRZSHUIRUPDQFHGDWDRQDJURZLQJQXPEHU




RI FDSWXUH FRYHUDJH GHSWK XQLIRUPLW\ RI FRYHUDJH DQG
GXSOLFDWHUHDGFRXQWV :HDOVRGHPRQVWUDWHWKHHIIHFWLYHQHVV
RI VSLNLQJ QRYHO FRQWHQW LQWR FDWDORJ GHVLJQV WR FUHDWH D
FXVWRPL]DEOH $OO([RQ RU .LQRPH 
3OXV
 GHILQLWLRQ  ,Q
DGGLWLRQ WR '1$ DSSOLFDWLRQV ZH LOOXVWUDWH WKH XVH RI
6XUH6HOHFWZLWK51$6HTWRLGHQWLI\QRYHOWUDQVFULSWYDULDQWV
ZLWKLQ GHILQHG UHJLRQV RI LQWHUHVW  )RU RSWLPDO XVH RI
VHTXHQFLQJ FDSDFLW\ ZH LQWURGXFH HQKDQFHG PHWKRGV IRU
LQGH[LQJEDUFRGLQJ VDPSOHV IRU PXOWLSOH[HG VHTXHQFLQJ LQ D
VLQJOH DQDO\VLV ODQH  8VLQJ WKLV LQWHJUDWHG 6XUH6HOHFW;7
V\VWHPZHDFFXUDWHO\GHWHFW613VDQGLQGHOVRIYDU\LQJVL]HV
ZKLOH PDLQWDLQLQJ DOOHOLF EDODQFH  %DVHG RQ RXU UHVXOWV ZH
SURSRVH D QRYHO DSSURDFK IRU YDULDQW GLVFRYHU\ XVLQJ
6XUH6HOHFWFDWDORJGHVLJQV IRUYDULDQWGLVFRYHU\ IROORZHGE\
WKH GHVLJQ RI VPDOOHU IRFXVHG FXVWRP OLEUDULHV IRU 613
YDOLGDWLRQDQGUHJLRQSURILOLQJ7RDFFRPPRGDWHVWXGLHVZLWK
ODUJH VDPSOH FRKRUWV ZH LOOXVWUDWH WKH SHUIRUPDQFH RI
6XUH6HOHFW;7 RQ WKH $XWRPDWHG %UDYR /LTXLG +DQGOLQJ
3ODWIRUP6LJQLILFDQWWLPHVDYLQJVDQGSURFHVVHIILFLHQFLHVDUH
UHDOL]HG ZKLOH PDLQWDLQLQJ WKH KLJK SHUIRUPDQFH
FKDUDFWHULVWLFV RI WKH PDQXDO SURWRFRO  $OWRJHWKHU RXU GDWD
GHPRQVWUDWH D KLJKO\ UREXVW DFFXUDWH DQG IOH[LEOH 613




















(QGRWKHOLDO QLWULF R[LGH V\QWKDVH H126 WKH HQ]\PH LQ
FKDUJH RI QLWULF R[LGH SURGXFWLRQ SOD\V D FUXFLDO UROH LQ
YDVFXODU ELRORJ\ +RZHYHU WKH LPSDFW RI VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV613VDIIHFWLQJWKHJHQHHQFRGLQJIRUH126
H126RQFRURQDU\DUWHU\GLVHDVHVUHPDLQVXQGHUGHEDWHDQG
QR GDWD ZHUH DYDLODEOH DW SUHVHQW LQ SRSXODWLRQV RULJLQDWLQJ
IURP0DJKUHE 2XU SXUSRVH ZDV WR HYDOXDWH WKH DVVRFLDWLRQ
EHWZHHQ WKH H126 7& DQG *7 613V DQG L WKH
ULVNRIP\RFDUGLDOLQIDUFWLRQ0,DQGLLYDULDWLRQVLQV\VWROLF
248 HUGO J (2011) 5:1–346
123
6%3DQGGLDVWROLF'%3EORRGSUHVVXUHYDOXHV&RQFHUQLQJ
0, WKH 613VZHUH FKDUDFWHUL]HG LQ D FDVH FRQWURO VWXG\ 
FDVHVYVFRQWUROVEDVHGRQWKHPDOHSRSXODWLRQRULJLQDWLQJ
IURP 2UDQ $OJHULD 7KH DVVRFLDWLRQV ZLWK EORRG SUHVVXUH
YDOXHV ZHUH DVVHVVHG LQ DQ HQODUJHG FRQWURO JURXS LQFOXGLQJ
 PDOH VXEMHFWV 6LQFH WKH 7& 613 FRXOG QRW EH
DVVRFLDWHG WR 0, WKH JHQRW\SH GLVWULEXWLRQ RI WKH *7
JHQRW\SHVVLJQLILFDQWO\GLIIHUHGEHWZHHQ0,FDVHVDQGFRQWUROV
S  7KH ULVN RI 0, RGGV UDWLR DVVRFLDWHG WR WKH
*7613ZDVHVWLPDWHGWR&, >@7KH
KDSORW\SHDQDO\VLVFRQILUPHGWKLVDVVRFLDWLRQDQGWKHDEVHQFH
RI LPSDFW RI WKH 7& 613 2Q WKH RWKHU KDQG QR
FRQVLVWHQW DVVRFLDWLRQZDV VKRZQEHWZHHQ WKH WZR613V DQG
6%3 RU '%3 $V REVHUYHG LQ RWKHU SRSXODWLRQV WKH H126

















QHHG WR EH GHVLJQHG EDVHG RQ WKH JRDOV RI WKH SURMHFW HJWR
VWXG\HIIHFWVRQWKH'1$DQGDPLQRDFLGVHTXHQFHRURQJHQH
UHJXODWLRQDQGH[SUHVVLRQ$YDULHW\RI H[SHULPHQWDO RXWOLQHV
IRU D FRPSOHWH DQDO\VLV E\ DQ LQWHJUDWHG DSSURDFK ZLWK
GLIIHUHQWOLEUDULHVDQGVHTXHQFLQJWHFKQRORJLHVZLOOEHVKRZQ
/LEUDULHV 6WDUWLQJ ZLWK JHQRPLF '1$ OLEUDULHV ZLWK VPDOO
 ES DQG ODUJH XS WR  NE LQVHUWV WR LGHQWLI\ 613V DQG
UHDUUDQJHPHQWVFDQEHSUHSDUHG'HSHQGLQJVL]HRI WKH WDUJHW
UHJLRQ DQG QXPEHU RI VDPSOHV GLIIHUHQW HQULFKPHQW
WHFKQRORJLHVFDQDOVREHDSSOLHGWRVHTXHQFHDVSHFLILFVXEVHW
RIHXNDU\RWLFLQFOXGLQJKXPDQRUEDFWHULDOJHQRPHV6PDOOHU
UHJLRQV FDQ EH DPSOLILHG XVLQJ FODVVLFDO 3&5 DSSURDFKHV
6WDQGDUGHQULFKPHQWNLWVIRUH[RQVFDQEHFXVWRPL]HGWRWDUJHW
DOO H[RQV LQFOXGLQJ DGGLWLRQDO VSHFLILF UHJLRQV RI LQWHUHVW
8VLQJ *$7&µV SURSULHWDU\ WDJJLQJ SURWRFRO LW LV SRVVLEOH WR
PXOWLSOH[ VDPSOHV IRU VHTXHQFLQJ  7UDQVFULELQJ 51$ LQWR
F'1$ LV DQRWKHU SURFHGXUH IRU WUDQVFULSWRPH DQDO\VLV )RU D
TXDQWLWDWLYH DQDO\VLV 875 OLEUDULHV DUH XVHG WR JHQHUDWH
H[SUHVVLRQSURILOHV5HJXODWRU\VWXGLHVFDQEHSHUIRUPHGZLWK





SDLUHG HQG DQG PDWH SDLU OLEUDULHV DV ZHOO DV HQULFKPHQW
VWUDWHJLHV HVSHFLDOO\ IRU PXOWLSOH VDPSOHV *$7&µV WDJJLQJ
V\VWHPDOORZVEDUFRGLQJ RI VDPSOHV DQGPXOWLSOH[LQJ RI DQ\
QXPEHURIVDPSOHV)RUUHJXODWRU\VWXGLHVWKHVKRUWHUUHDGVRI
WKH +L6HT  ILW SHUIHFWO\  $PSOLFRQV FDQ HLWKHU EH
VHTXHQFHGRQWKH5RFKH*6)/;PDFKLQHRUZLWKWKHFODVVLFDO
6DQJHU WHFKQRORJ\ WR REWDLQ ORQJHU UHDGV LQ DYHUDJH  ES
IRUWKH*6)/;DQGXSWRESIRU6DQJHU:LWKWKHQHZ
3DFLILF %LRVFLHQFHV 3DF%LR 56 UHDO WLPH VLQJOH PROHFXOH
VHTXHQFHU ORQJ UHDGV LQ WKH UDQJH RI6DQJHU VHTXHQFLQJ DQG
VRFDOOHGVWUREHUHDGVPXOWLSOHVXEUHDGVVSDFHGDFURVVDORQJ
VLQJOHPROHFXOHFDQUHYHDOPXOWLSOHW\SHVRIJHQHWLFYDULDWLRQ
VXFK DV ODUJHVFDOH UHDUUDQJHPHQWV DV REVHUYHG LQ FDQFHU ,Q
DGGLWLRQ GLUHFW VHTXHQFLQJ RIPHWK\ODWHG DQGRWKHUPRGLILHG
EDVHV ZLOO EH SRVVLEOH  3URSULHWDU\ ELRLQIRUPDWLF DQDO\VHV
*$7& RIIHUV D ZLGH UDQJH RI ELRLQIRUPDWLF VROXWLRQV IRU
JHQRPH DVVHPEO\ WUDQVFULSWRPH DQDO\VLV DQG RWKHU VWXGLHV
3URSULHWDU\WRROVDUHXVHGIRUWKHDQDO\VLVDQGKDQGOLQJRI1H[W
*HQVHTXHQFLQJGDWDZKLOH WKLUGSDUW\ WRROVDUHDYDLODEOHIRU
RSWLPL]HG GH QRYR DVVHPEO\ RU LPSURYHG K\EULG DVVHPEOLHV
7KH FRPELQDWLRQ RI GLIIHUHQW WRROV DQG VWHSZLVH DSSURDFK
HQDEOHV WR JHW DOO LQIRUPDWLRQ RXW RI WKH GDWD  +LJK TXDOLW\
UHVXOWVZLOOEHREWDLQHGE\RSWLPDOO\FRPELQLQJVHYHUDOOLEUDU\


















$FQH YXOJDULV LV D FRPPRQ VNLQ GLVRUGHU 7KH FRPSOHWH
HWLRORJ\ RI WKLV GLVHDVH UHPDLQV WR EH LGHQWLILHG EXW LW VHHPV
WKDWDEHUUDQWH[SUHVVLRQRIF\WRNLQHJHQHVPLJKWEHRQHRILWV
LQGXFLQJ IDFWRUV 7KH DVVRFLDWLRQ EHWZHHQ JHQHWLF
SRO\PRUSKLVPV UHODWHG WR LQWHUOHXNLQ  SURPRWHU ,/ 
7& DQG LWV UHFHSWRU ,/545$* JHQHV LQ SDWLHQWV
ZLWKDFQHYDOJDULVZDVLQYHVWLJDWHGLQWKHSUHVHQWVWXG\7KLV
VWXG\ LQYROYHVDFQHSDWLHQWV UHFUXLWHG IURP WKH2XWSDWLHQW
'HUPDWRORJ\&OLQLFVRI4DVVLP8QLYHUVLW\6DXGL$UDELDDQG
WKHLUUHVXOWVZHUHFRPSDUHGZLWKQRUPDOKHDOWK\YROXQWHHUV
RI VDPH DJH DQG JHQGHU PDWFKHG IURP WKH VDPH ORFDOLW\
*HQRPLF'1$ZDVH[WUDFWHGIURPSHULSKHUDOEORRGXVLQJWKH
0DJQD SXUH '1$ V\VWHP 6LQJOH QXFOHRWLGH SRO\PRUSKLVPV
613VUHODWHGWR,/7&DQG,/545$*JHQHV
ZHUH GHWHUPLQHG E\ UHDOWLPH 3&5 $ VLJQLILFDQW GLIIHUHQFH
ZDV REVHUYHG EHWZHHQ WKH IUHTXHQFLHV RI SRO\PRUSKLVPV
UHODWHG WR ,/5 JHQH DQG ,/5 SRO\PRUSKLF JHQRW\SHV
S )XUWKHUPRUHDFQHFDVHVVKRZHGKLJKHUIUHTXHQFLHVRI
WKH FRPELQHG JHQRW\SHV ,/B&& &7 RU 77 ZLWK WKH ,/
5B** JHQRW\SH +RZHYHU FDVHV VXEJURXSV UHODWHG WR
VHYHULW\ RI GLVHDVH RU UHVSRQVH WR WUHDWPHQW VKRZHG QR
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VLJQLILFDQWGLIIHUHQFHLQWKHIUHTXHQFLHVRIDOOVWXGLHG,/DQG
,/5 JHQRW\SHV S! ,Q FRQFOXVLRQ SUHVHQW VWXG\
SURYLGHV DQ HYLGHQFH IRU D VLJQLILFDQW DVVRFLDWLRQ RI ,/
UHFHSWRU 45 $* ZLWK ,/  7& JHQHWLF
















2XU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ JHQHV DQG






HQYLURQPHQWDO RQ WKH ILQDO SKHQRW\SH +RZHYHU LW UHPDLQV
FRQYHQWLRQDO WR UHIHU WR GLVRUGHUV LQ ZKLFK D PXWDWLRQ RI D
VLQJOH JHQH LV XVXDOO\ VXIILFLHQW WR FDXVH WKH SKHQRW\SH DV
0HQGHOLDQ GLVRUGHUV 7KH UHFHQW GHFDGH KDV ZLWQHVVHG DQ
H[SORVLYH SKDVH LQ WKH KLVWRU\ RI PDSSLQJ 0HQGHOLDQ JHQHV
ZLWKPRUHWKDQRIWKHHVWLPDWHGRUVR0HQGHOLDQ
GLVRUGHUV KDYH EHHQ VROYHG DW WKH JHQH OHYHO  :KLOH PXFK
QRYHOELRORJ\KDVEHHQOHDUQHGLQWKHFRXUVHRIVWXG\LQJWKHVH
JHQHV D VLJQLILFDQW JDS UHPDLQV LQ RXU NQRZOHGJH RI KRZ
WKHVH JHQHV UHODWH WR WKH PRUH FRPPRQ GLVHDVHV WKDW DUH RI
LQWHUHVW WR WKHZLGHUPHGLFDOFRPPXQLW\ ,QRUGHUWRDGGUHVV
WKLV JDS RXU ODE KDV EHHQ SXUVXLQJ WKUHH OLQHV RI
LQYHVWLJDWLRQV([WUDSRODWLQJGDWDIURPV\QGURPLFIRUPVRI
FRPPRQSKHQRW\SHV WR WKHLUQRQV\QGURPLFFRXQWHUSDUW :H
VKRZH[FLWLQJH[DPSOHVRIWKHJHQHVZHLGHQWLILHGLQSDWLHQWV
ZLWKUDUHV\QGURPLFIRUPVRIFOHIWSDODWHDQGUHWLQDOYDVFXODU
GLVHDVH DQG KRZ YDULDQWV FRPPRQ DQG UDUH LQ WKHVH JHQHV
FDQ SUHGLVSRVH WR QRQV\QGURPLF FOHIW SDODWH DQG GLDEHWLF
UHWLQRSDWK\ UHVSHFWLYHO\  6LPLODUO\ZH KDYH ODXQFKHG WKH
&DUULHU 3KHQRPH 3URMHFW LQ ZKLFK ZH FDUHIXOO\ SKHQRW\SH
FDUULHUVRI0HQGHOLDQPXWDWLRQVZHLGHQWLILHGLQWKHODEWRVHH
LI WKH\DUHPRUHOLNHO\WKDQWKHJHQHUDOSRSXODWLRQWRGHYHORS
VRPH UHODWHG SKHQRW\SHV  :H EHOLHYH WKLV LV DQ H[FLWLQJ
ZLQGRZ WR ORRN LQWR WKH FRQWULEXWLRQ RI UDUH YDULDQWV WR
FRPPRQGLVHDVHV 0RVW H[FLWLQJO\ZH KDYHEHHQ DFWLYHO\
SXUVXLQJ0HQGHOLDQGLVHDVHVWKDWIDLWKIXOO\SKHQRFS\FRPPRQ
SKHQRW\SHV:HVKDUHWKHH[FLWLQJLGHQWLILFDWLRQLQRXUODERI
WZR JHQHV WKDW XQGHUOLH YHU\ UDUH 0HQGHOLDQ IRUPV RI
NHUDWRFRQXVDQGW\SH,GLDEHWHVPHOOLWXVDQGWKHLUFRQWULEXWLRQ
WR WKHVH YHU\ FRPPRQ SKHQRW\SHV ,Q VXP ZH EHOLHYH WKH
DERYH DQG RWKHU DSSURDFKHV WKDW EULGJH WKH JDS EHWZHHQ
0HQGHOLDQ DQGPXOWLIDFWRULDO GRPDLQV RI KXPDQ JHQHWLFV DUH
FULWLFDOO\ QHHGHG DV WKH ILHOG PRYHV IDVW WR WKH DGRSWLRQ RI










*DVWURLQWHVWLQDO FDQFHUV UHPDLQ D VLJQLILFDQW FDXVH RI
PRUELGLW\DQGPRUWDOLW\:KLOH LQFUHDVLQJ WKHUDSHXWLFRSWLRQV
KDYH LPSURYHG RXWFRPHV IRU PDQ\ SDWLHQWV WKH\ KDYH DOVR
FRPSOLFDWHG WUHDWPHQW GHFLVLRQPDNLQJ +HQFH WKHUH LV DQ
LPPHGLDWH QHHG IRU SURJQRVWLF DQG SUHGLFWLYH PDUNHUV WKDW
FRXOG LPSURYH WUHDWPHQW VLJQLILFDQWO\ E\ LGHQWLI\LQJ SDWLHQWV
ZKRPD\RUPD\QRWUHTXLUHDJLYHQWKHUDS\DQGGHWHUPLQLQJ
WKRVHPRVWOLNHO\WREHQHILWIURPDWKHUDS\7UHDWPHQWUHJLPHQ
EDVHGRQ)OXRUR8UDFLO )8FLVSODWLQDQG WD[DQHVDUH WKH
PRVWZLGHO\XVHGFKHPRWKHUDSHXWLFGUXJVIRU*DVWULFFDQFHUV
+RZHYHU QRW DOO SDWLHQWV UHVSRQG WR WUHDWPHQW ZLWK WKHVH
GUXJV *HQHWLF 3RO\PRUSKLVPV KDYH EHHQ DWWULEXWHG WR WKH
LQWHULQGLYLGXDO GLIIHUHQFHV LQ GUXJ HIIHFW 7KHVH
SRO\PRUSKLVPV LQFOXGHPXWDWLRQVYDULDWLRQ LQ WKHQXPEHURI
WDQGHP UHSHDWV DQG VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 7KH






WK\PLG\ODWH V\QWKDVH DQG GLK\GURS\ULPLGLQH GHK\GURJHQDVH
'3' IRU )OXRURXUDFLO (5&& (5&& ;HURGHUPD
3LJPHQWRVXP'JOXWDWKLRQH6WUDQVIHUDVH3IRUFLVSODWLQDQG
F\WRFKURPH3JHQHVIRUWD[DQHV3RO\PRUSKLVPDQDO\VLVLQ
WKHVH JHQHV ZRXOG SUHGLFW WKH UHVSRQVH RI D SDWLHQW WR WKH
FKHPRWKHUDSHXWLF GUXJV ,W FDQ EH IXUWKHU H[WHQGHG LQWR
FDWHJRUL]LQJSDWLHQWVLQWRSRVLWLYHDQGQHJDWLYHGUXJUHVSRQVH
FDWHJRULHV ,Q D FOLQLFDO VHWWLQJ WKH RXWFRPH RI SDWLHQWV
XQGHUJRLQJGLIIHUHQWGUXJUHJLPHQVFDQEHSUHGLFWHGXVLQJWKH

























KDV EHHQ DYDLODEOH 7HFKQRORJLFDO DGYDQFHV DQG SHUVRQDOL]HG
PHGLFLQH DUH PRYLQJ WRZDUGV DOORZLQJ JHQHWLF WHVWLQJ WR
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JHQHUDO SRSXODWLRQ IRU FRPPRQ JHQHWLF FKDQJHV LQ RUGHU WR
LGHQWLI\ LQGLYLGXDOV DW ULVN7KLV JHQHWLF LQIRUPDWLRQ LV DERXW
SRVVLELOLWLHV DQG QRW FHUWDLQWLHV DV PDQ\ RI WKH QHZ JHQHWLF
WHVWV DYDLODEOH 7KXV JHQHWLF WHVWLQJ UDLVHV FRPSOH[ GLVWUHVV
LVVXHVDQGSV\FKRORJLFDO LPSDFWRI WKHVHJHQHWLFVWXGLHVLVDQ
XQGHUUHVHDUFKHG DUHD LQPDQ\ SRSXODWLRQV +HUH ZH SUHVHQW
GDWD UHJDUGLQJ WKH SV\FKRORJLFDO LPSDFW RQ 6SDQLVK
LQGLYLGXDOVZKRIXOILOOHGFULWHULDIRU%5&$JHQHWLFWHVWLQJ
ZKR SDUWLFLSDWHG LQ D SURVSHFWLYH ORQJLWXGLQDO DQG PXOWL
FHQWUH TXHVWLRQQDLUHEDVHG VWXG\ 'HPRJUDSKLF DQG FOLQLFDO
LQIRUPDWLRQ ZHUH FROOHFWHG DQG DQ[LRXV DQG GHSUHVVLYH
V\PSWRPV+$'6VFDOHZHUHFRPSOHWHGDWGLIIHUHQWVWDJHV
EHIRUHJHQHWLF WHVWLQJ WKUHHPRQWKVDIWHU WKHGLVFORVXUH
RIWKHJHQHWLFUHVXOWDQGRQH\HDUODWHU7KHDEVHQFHRIRWKHU
YDOLGDWHG LQVWUXPHQWV WR HYDOXDWH WKHSV\FKRORJLFDO LPSDFWRI
JHQHWLFVWXGLHVLQ6SDQLVKODQJXDJHPDNHVWKLVVFDOHWKHPRVW
DSSURSULDWHIRURXUSXUSRVH$WRWDORILQGLYLGXDOVYLVLWLQJ
DQ\ RI WKH IRXU JHQHWLF FRXQVHOLQJ XQLWV SDUWLFLSDWLQJ LQ WKH
VWXG\ZHUHHQUROOHG0HGLDQDJHRIWKHLQGLYLGXDOVZDV
 DQG   ZHUH IHPDOHV 7KHUH ZHUH  KHDOWK\
LQGLYLGXDOV  DQG  FDQFHU SDWLHQWV  5HJDUGLQJ




KDG D KLJK HGXFDWLRQ OHYHO XQLYHUVLW\ 8QLYDULDWH DQDO\VHV
KDYHEHHQSHUIRUPHGEDVHGRQWKHUHVXOWRIWKHJHQHWLFVWXG\WR
DQDO\]H LI WKH WKUHH GLIIHUHQW W\SH RI UHVXOWV DIIHFW WKH VKRUW
WHUP WKUHH PRQWKV DQGRU PHGLXP WHUP RQH \HDU DQ[LHW\
DQG GHSUHVVLRQ OHYHO :H KDYH REVHUYHG D VWDWLVWLFDOO\
VLJQLILFDQWGHFUHDVHLQWKHDQ[LHW\OHYHOS RILQGLYLGXDOV
ZLWK D QHJDWLYH UHVXOW  PRQWKV DIWHU UHFHLYLQJ WKH JHQHWLF
UHVXOWZKLFK UHWXUQ WREDVDO OHYHO DIWHURQH\HDU ,QDGGLWLRQ
QRGLIIHUHQFHVDUHSUHVHQW LQ WKHPHGLDQYDOXHVRI WKH+$'6
VFDOHIRUDQ[LHW\DQGGHSUHVVLRQOHYHOLQWKHRWKHUWZRJURXSV
SRVLWLYHDQGQRQLQIRUPDWLYHLQGLYLGXDOVQHLWKHUDWWKHVKRUW
WHUP RUPHGLXP WHUP VWDJHV $OWKRXJKPXOWLYDULDWH DQDO\VHV
WDNLQJ LQWR DFFRXQW RWKHU SUHGLFWLYH IDFWRUV DQG D ORQJ WHUP
VWXG\DUHQHHGHGRXUGDWD VXSSRUW WKDW WKHUHDUHQRQDGYHUVH
HIIHFWV IRU WKH SV\FKRORJLFDO ZHOOEHLQJ RI LQGLYLGXDOV WHVWHG
IRU %5&$ 7RZDUGV WKH QH[W SHUVRQDOL]HG PHGLFLQH HUD















7KH WULEDO DQG FDVWH SRSXODWLRQV RI ,QGLDQ VXEFRQWLQHQW
SUDFWLFH D KLJK OHYHO RI HQGRJDP\ZKLFK LV DOVR DSSDUHQW LQ
WKHLU JHQHWLF VWXGLHV 7KH JRWUD ZKHUH DOO WKH LQGLYLGXDOV
EHORQJLQJ WRDJURXSFODLPWKHLUSDWHUQDODQFHVWU\ WRDVLQJOH
VDJH V\VWHP LV WKH PDMRU HOHPHQW FRQVLGHUHG DPRQJ
%UDKPLQV 9DULRXV ULWXDO SUDFWLFHV SHUIRUPHG E\ WKHP DUH
UHODWHG WR WKHLU JRWUD 7KH PDUULDJH SDWWHUQ LV DOVR UHVWULFWHG
DPRQJ FHUWDLQ JRWUDV$SDUW IURP WKDW WKH RULJLQ RI%UDKPLQ
SRSXODWLRQV KDV EHHQ D VRXUFH RI PDMRU FRQWURYHUV\ XQWLO
UHFHQWO\ 7R DGGUHVV VXFK LVVXHV ZH DQDO\]HG WKH
PLWRFKRQGULDO'1$RI%UDKPLQ LQGLYLGXDOVEHORQJLQJ WR
WZRPDMRU%UDKPLQJURXSVRI1RUWK,QGLD7KHLQWHUSRSXODWLRQ
FRPSDULVRQ UHYHDOHG D ORFDO 6RXWK $VLDQ PDWHUQDO RULJLQ RI
%UDKPLQ SRSXODWLRQV 7KH KDSORW\SH VKDULQJ DPRQJ GLIIHUHQW
JRWUDVZDVLQFRPSOHWHFRQFRUGDQWZLWKWKHLUPDUULDJHSDWWHUQ
0RUHRYHU WKH VWXG\ RI  613V DPRQJ %UDKPLQV DQG
QRQ%UDKPLQV FRPPXQLWLHV VXJJHVWV FRPPRQ DQFLHQW
IRXQGHUV 7KXV WKH SUHKLVWRULF SUDFWLFH RI VXFK PDUULDJH
























0HWK\OHQH WHWUDK\GURIRODWH UHGXFWDVH 07+)5 SOD\V D
VLJQLILFDQWUROHLQPHWKLRQLQHPHWDEROLVP07+)5GHILFLHQF\
LV LQKHULWHG DV DQ DXWRVRPDO UHFHVVLYH WUDLW ,Q 6RXWK ,QGLD
ZLWK ORZHUGLHWDU\ LQWDNHRI IRODWH07+)5GHILFLHQF\FRXOG
EH D VLJQLILFDQW ULVN IDFWRU IRU D QXPEHU RI GHIHFWV HJ
YDVFXODU HYHQWV 3RO\PHUDVH FKDLQ UHDFWLRQ 3&5 DQG
UHVWULFWLRQ IUDJPHQW OHQJWK SRO\PRUSKLVP 5)/3 ZDV
HPSOR\HG WR VWXG\ WKH WZRFRPPRQ07+)5SRO\PRUSKLVPV
QDPHO\  &!7 DQG  $!& :H KDYH LQYHVWLJDWHG WKH
LQFLGHQFH RI WKH &7 DQG $& PHWK\OHQH
WHWUDK\GURIRODWH UHGXFWDVH 07+)5 JHQH VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV613V LQ WKH6RXWK ,QGLDQSRSXODWLRQZLWKD
WRWDOQXPEHURILQGLYLGXDOV$PRQJWKH0,FDVHVDQG
 FRQWUROV ZH IRXQG WKDW WKH07+)5 77 JHQRW\SH LV
DEVHQW LQ WKH FRQWURO JURXS WKH 07+)5 &7 JHQRW\SH
DPRQJ  FDVHV DQG  FRQWUROV DQG WKH
07+)5 && DOOHOH DPRQJ  FDVHV
DQG FRQWUROV $QDO\VLV ZDV DOVR GRQH IRU WKH
07+)5$ĺ& 613 7KH UHVXOWV LGHQWLILHG WKH 07+)5
&&JHQRW\SH LQFDVHVDQGFRQWUROV
WKH 07+)5 $& JHQRW\SH LQ  FDVHV DQG
 FRQWUROV DQG WKH 07+)5 $$ JHQRW\SH
SUHVHQW LQFDVHVDQGFRQWUROV7KH&&
YV $$ JHQRW\SH VKRZHG VWDWLVWLFDO VLJQLILFDQFH LQ SDWLHQWV
FRPSDUHGWRFRQWUROVȤ 2GGVUDWLRS
7KH&&YV$$$&JHQRW\SH VKRZHG VWDWLVWLFDO VLJQLILFDQFH
LQSDWLHQWVFRPSDUHGWRFRQWUROVȤ 2GGVUDWLRS
7KH & YV $ DOOHOH DOVR VKRZHG VLJQLILFDQWO\ KLJKHU
IUHTXHQF\ LQ SDWLHQWV LQ FRPSDULVRQ ZLWK FRQWUROV
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Ȥ DQG2GGV UDWLR  S  7KH UHVXOWV RI WKLV
VWXG\ LQGLFDWH WKDW WKH 07+)5 $& 613 LV PRUH
SUHYDOHQW DPRQJ WKH VRXWK ,QGLDQV ZKHQ FRPSDUHG WR WKH

















WKDW FDWDO\]HV WKH 6PHWK\ODWLRQ RI PHUFDSWRSXULQH DQG
D]DWKLRSULQH /RZ DFWLYLW\ SKHQRW\SHV DUH FRUUHODWHG ZLWK
SRO\PRUSKLVP LQ WKH 7307 JHQH 3DWLHQWV ZLWK ORZ RU
XQGHWHFWDEOH 7037 DFWLYLW\ FRXOG GHYHORS VHYHUH
P\HORVXSSUHVVLRQZKHQWKH\DUHWUHDWHGZLWKVWDQGDUGGRVHVRI
WKLRSXULQH GUXJV 6LQFH HWKQLF GLIIHUHQFHV LQ WKH7307JHQH
SRO\PRUSKLVP KDYH EHHQ GHPRQVWUDWHG ZRUOGZLGH LWV
DVVHVVPHQW LQ WKH /LE\DQ SRSXODWLRQ LV ZRUWKZKLOH +HUH WR
LQYHVWLJDWH WKH 7307 JHQH SRO\PRUSKLVP D WRWDO RI 
/LE\DQ KHDOWK\DGXOWEORRGGRQRUVDQGFKLOGUHQZLWK
DFXWH O\PSKREODVWLF OHXNHPLD IURP  GLIIHUHQW /LE\DQ
UHJLRQV 7ULSROL <LIUDQ DQG 7DZDUJD XVLQJ SRO\PHUDVH
FKDLQ UHDFWLRQ 3&55)/3 DQG DOOHOHVSHFLILF 3&5EDVHG
DVVD\VZHUH DQDO\]HG IRU WKH 7307 JHQH  *& $




ZDV   WKDW ZKR KDG D KHWHUR]\JRXV JHQRW\SH
7307$ LQ WKUHH VXEMHFWV  7307& LQ ILYH
VXEMHFWV1R7307DQG7307%DOOHOLFYDULDQWV
DQGQRKRPR]\JRXVRUFRPSRXQGKHWHUR]\JRXVPXWDQWDOOHOHV
ZHUH GHWHFWHG 7KH QRUPDO DOOHOH ZLOGW\SH ZDV IRXQG LQ














(YROXWLRQDU\ DQDO\VLV RI GUXJ PHWDEROL]LQJ JHQH KHOSV LQ
XQGHUVWDQGLQJWKHSDWWHUQRIGUXJPHWDEROLVPDQGDGYHUVHGUXJ
UHDFWLRQV7KHJHQHWLFEDVLVRIGUXJPHWDEROLVPOLHVRQWKHIDFW
WKDW QRW DOO LQGLYLGXDOV FDQ HTXDOO\ UHVSRQG WR D SDUWLFXODU
GUXJ 7KH GLIIHUHQFHV LQ LQWHULQGLYLGXDO YDULDWLRQ WR GUXJ
UHVSRQVH DUH PXFK JUHDWHU WKDQ YDULDWLRQ ZLWKLQ LQGLYLGXDO
7KH SULPDU\ UHDVRQ EHKLQG WKH LQWHULQGLYLGXDO YDULDWLRQ LV
SRO\PRUSKLVP LQ GUXJ PHWDEROL]LQJ JHQH WKDW PRGLILHV WKH
DFWLYLW\ RI HQ]\PH LQYROYHV LQ GUXJ PHWDEROLVP 'UXJ
PHWDEROLVP LV DQ LPSRUWDQW PHFKDQLVP RI WUDQVIRUPDWLRQ RI
OLSRSKLOOLFIRUPRIGUXJVWRK\GURSKLOLFIRUPWRHQKDQFHWKHLU
HOLPLQDWLRQ2QWKHRWKHUKDQGZKHQGUXJVDUHQRWHOLPLQDWHG
IURP WKH ERG\ LW DFFXPXODWHV LQVLGH WKH FHOOV FDXVLQJ
ELRFRQFHQWUDWLRQ RI GUXJV DW KLJKHU OHYHO 7KDW UHVXOWV LQ
LQFUHDVHGWR[LFLW\DGYHUVHGUXJUHDFWLRQVDQGVXVFHSWLELOLW\WR
YDULRXVGLVHDVHV7KXVXQGHUVWDQGLQJWKHKXPDQYDULDWLRQWKDW
OHDGV WR DOWHUDWLRQ LQ GUXJ PHWDEROL]LQJ HQ]\PH DFWLYLW\ LV
EHQHILFLDO IRU KXPDQ IRU WKH GHYHORSPHQW RI Ĵ3HUVRQDOL]HG
PHGLFLQHµ 7KH GHYHORSPHQW RI D SHUVRQDOL]HG PHGLFLQH
ZKHUHWKHJHQRW\SHRIDQLQGLYLGXDOLVGHWHUPLQHGLQRUGHUWR
DGDSWWKHWKHUDSHXWLFDOVFKHPHWRDYRLGWKHUDSHXWLFIDLOXUHDQG
DGYHUVH GUXJ UHDFWLRQV ,Q DGGLWLRQ WR WKH GUXJPHWDEROL]LQJ
JHQH WKH JHQHWLF GLYHUVLW\ RI VRPH SXWDWLYHO\ QHXWUDO '1$
IUDJPHQWVDUHLPSRUWDQWWRVWXG\WKHGHPRJUDSKLFKLVWRU\DQG
SRSXODWLRQ VWUXFWXUH RI ,QGLDQ SRSXODWLRQ 7KH JHQHWLF
GLYHUVLW\ LQ D SRSXODWLRQ DUH WKH SURGXFW RI PDQ\ OD\HUV RI
GHPRJUDSKLF DQG HYROXWLRQDU\ HYHQWV DFWLQJ  RQ WLPHVFDOHV
LQFOXGLQJ FRORQL]DWLRQ PLJUDWLRQ SRSXODWLRQ H[SDQVLRQ
PXWDWLRQJHQHWLFGULIWDQGVHOHFWLRQ7KHFRPSOH[RIGLYHUVLW\
RI ,QGLD KDV UHVXOWHG GXH WR WKH LQIOXHQFH RI ZHVWHUQL]DWLRQ
ZKLFK LQ WXUQ UHVXOWV LQ LQFUHDVHG SUHYDOHQFH RI JHQHWLF
GLVHDVHV DVVRFLDWHGZLWK OLIH VW\OH DQG GLHWV0RGHUQ KXPDQV
ZHUHHYROYHGLQ$IULFDDURXQGN\DDQGPLJUDWHGWR(XUDVLD






PRUH DFFXUDWHO\ WKDQ FRGLQJ UHJLRQ 7KH JHQHWLF GLYHUVLW\ RI
,QGLD RQ WKH EDVLV RI WKHVH HLJKW ORFL LV FRPSDUHG ZLWK


















9DULDWLRQ LQ WKH &<3$ HQ]\PHV ZKLFK DFW LQ GUXJ
PHWDEROLVPLQIOXHQFHVFLUFXODWLQJVWHURLGOHYHOVDQGUHVSRQVHV
WR KDOI RI DOO GUXJV PHWDEROL]HG E\ R[LGDWLRQ &\WRFKURPH
3$ LV LQYROYHG LQPHWDEROL]LQJRIPRUH WKDQRIDOO
GUXJV XVHG LQ KXPDQV 7KH SXUSRVH RI WKLV VWXG\ LV WR
LQYHVWLJDWH WKHJHQRW\SHDQGDOOHOLF IUHTXHQFLHVRI&<3$LQ
%DQJODGHVKL 7XEHUFXORVLV 7% SDWLHQWV ZKLFK PD\ KHOS IRU
LQGLYLGXDOL]HG GUXJ GRVLQJ DQG LPSURYHG WKHUDSHXWLFV
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*HQRW\SLQJZDVGRQHXVLQJWKHH[WUDFWHGJHQRPLF'1$IURP
7%SDWLHQWV IROORZHGE\ DPSOLILFDWLRQ RI WDUJHW DOOHOHVE\
3&5 $PSOLILHG DOOHOHV ZHUH WKHQ GLJHVWHG E\ UHVWULFWLRQ
HQ]\PHV0ER,,;FP,%VP$,&OD,+LQI,+S\&+,,,DQG
5VD, IROORZHG E\ JHO HOHFWURSKRUHVLV DQG VHTXHQFLQJ WR
LGHQWLI\WKHWDUJHWHGDOOHOHVQDPHO\&<3$%&<3$
&<3$ &<$ &<3$ &<3$
&<3$ DQG &<3$  ,Q 7% SDWLHQWV QR VDPSOHV
ZHUH SRVLWLYH IRU &<3$ &<3$ &<3$
&<3$ &<3$ DQG &<3$ DOOHOHV 2QH
VDPSOH ZDV IRXQG WR EH KHWHUR]\JRXV IRU &<3$%
 7KH ZLOG KRPR]\JRXV &<3$ JHQRW\SH
IUHTXHQF\ ZDV  WKH KHWHUR]\JRXV &<3$
IUHTXHQF\ ZDV  DQG WKH KRPR]\JRXV PXWDQW
&<3$ IUHTXHQF\ ZDV  LQ %DQJODGHVKL 7%
SDWLHQWV7KHSUHVHQWVWXG\LVWKHILUVWLQYHVWLJDWLRQGHVFULELQJ













,QHIIHFWLYH IRODWHV XWLOL]DWLRQ XVXDOO\ LV FRQGLWLRQHG E\
GLJHVWLYH PDODEVRUSWLRQ RI WKHP JHQHWLF IDLOXUH RI
ELRWUDQVIRUPDWLRQ RU E\ IDLOXUH RI WKH IROLF DFLGPHWDEROLWHV
V\QWKHVLV E\ SK\VLRORJLF LQWHVWLQDO PLFURIORUD ,WµV QRW
H[FHSWLRQDO WKDW IRODWHV XSWDNH LV  GDPDJLQJ LQ FRQGLWLRQV RI
HQWHULWLV WKDW DUH RIWHQ DSSHDU DV VDWHOOLWHV RI PDVVLYH
DQWLEDFWHULDO WKHUDS\ ZLWKRXW ZKLFK WKH 2QFRKHPDWRORJ\ LV
XQWKLQNDEOH,QFOLQLFVRIRXU5HVHDUFK,QVWLWXWHLWZDVFDUULHG
RXW D FRPPRQO\ DFFHSWHG VFKHPH RI FRUUHFWLRQ RI WKH IROLF
DFLG VKRUWDJH FRQWURO JURXS WKDW LV IRODWHV HQULFKHG GLHW 
IROLF DFLG GDLO\ LQMHFWLRQ E\  PJ /DE WHVWV DUH
GHPRQVWUDWLQJWKDW LQSDWLHQWVZLWKIRODWHVORZOHYHOIURP
RISDWLHQWVZKRKDYHPHW WKH IRODWHV VXSSOHPHQWDWLRQ WKH
PHQWLRQHGIROLFPHWDEROLVPPDUNHUZDVUHFRYHUHGWKDWLVWKH
WDNHQ VWHSV IRU IROLF OHYHO FRUUHFWLRQ DSSHDUHG VXFFHVVIXO LQ
MXVW KDOI  RI JHQHUDO QXPEHU RI FDVHV ,QHIIHFWLYHO\
UHVXOWHG WKH FRPSOHWLRQ RI WKH VWDQGDUG VFKHPH RI WUHDWPHQW
ZDV SUREDEO\ DVVRFLDWHGZLWK WKH QRQHIIHFWLYH DEVRUSWLRQ RI
IRODWHV FRQWDLQLQJ VXEVWDQFHV GXH WR WKH PHWK\OWHWUDK\GUR
IRODWHUHGXFWDVH 07+)5 JHQHV PXWDWLRQ RU GXH WR WKH
SDWKRORJLFDO VWDWXV RI WKH GLJHVWLYH PLFURIORUD $W WKH VDPH
WLPH LQ  SDWLHQWV RI KHPDWRORJLF GHSW RI RXU FOLQLFV ZKR
KDYH WKH UHGXFHG OHYHO RI VHUXP IRODWHV DQG DFFRPSDQ\LQJ
VWDWHRIGLVELRVLVDQG WRZKRPLWZDVDVVLJQHGWKH WZRZHHN
ORQJ FRXUVH RI SURELRWLFV DGPLQLVWUDWLRQ VWXGLHG JURXS WKH
VLWXDWLRQ WXUQHG WR EH WKH GLIIHULQJ RQH /DWHU LQ WKLV JURXS
SDWLHQWV LWZDVDVVHVVHG WKHPLFURIORUDVSHFWHU ,QRI WKHP
 LWµV VKRZQ WKH FRQVLGHUDEOH TXDOLWDWLYH DQG
TXDQWLWDWLYHQRUPDOL]DWLRQRIPLFURIORUDLQGLFDWRUV0RUHRYHU
WKH GDWD LV GHPRQVWUDWLQJ WKDW LQ  SDWLHQWV RI WKDW  IRU
ZKLFKWKHPLFURIORUDFRUUHFWLRQZDVHIIHFWLYHWKDWLVLQ
RIWUHDWHGSHUVRQVWKHUHZDVWKHVWDWLVWLFDOO\DXWKHQWLFHOHYDWLRQ
RI WKH EORRG VHUXP IRODWHV OHYHO 7KH REWDLQHG GDWD OHW XV WR
MXGJH WKDW LQ WKH FRQVLGHUDEOH QXPEHU RI VWXGLHG SDWLHQWV
WKHQRUPDOVSHFWHURIGLJHVWLYHV\VWHPPLFURIORUDLQD
ODUJH H[WHQVLRQ LV FRQGXFWLQJ WKH HIILFDF\ RI WKH IROLF
PHWDEROLWHVH[FKDQJH7KHVHGDWDOHWXVFRQFOXGHWKDWWKHOHYHO



















VXVFHSWLELOLW\ WR KXPDQ FRPPRQ FRPSOH[ GLVHDVHV VXFK DV
K\SHUWHQVLRQDQG7\SHGLDEHWHVKDYHEHHQUHSRUWHGWKURXJK
JHQRPHZLGH DVVRFLDWLRQ VWXGLHV *:$6V (YHQ WKRXJK
VRPH&19VWXGLHV UHSRUWHGDVVRFLDWLRQZLWK VHYHUDOFRPSOH[
GLVRUGHUV D QXPEHU RI &19 GDWD DUH UHODWLYHO\ VPDOO DV
FRPSDUHGZLWK WKDW RI 613 GDWD IRU WKHVH FRPPRQ FRPSOH[
GLVHDVHV 0RUHRYHU SUHYLRXV *:$6V UHSRUWHG VRPH
DVVRFLDWLRQVRI613VZLWKEORRGSUHVVXUH%3DQGERG\PDVV





XQGHUWRRN D ORJLVWLF UHJUHVVLRQ DQDO\VLV RI &19V ZLWK WZR
K\SHUWHQVLRQUHODWHGWUDLWVVXFKDV%3DQG%0,2I WKH
VXEMHFWV LQ WKLV VWXG\  VXEMHFWV  FDVHV DQG 
FRQWUROV DQG VXEMHFWV FDVHVDQGFRQWUROV
ZHUH VHOHFWHG IRU WKH DVVRFLDWLRQ DQDO\VLVZLWK%3 DQG%0,
UHVSHFWLYHO\*HQRPHZLGHDVVRFLDWLRQVWXGLHVRI&19IRXQG
WZRORFLHQFRPSDVVLQJSUHYLRXVO\NQRZQK\SHUWHQVLRQUHODWHG

















QXPEHU YDULDWLRQ ZKLFK LV WKH PRVW DEXQGDQW IRUP RI
VWUXFWXUDO YDULDWLRQ SURYLGHV D YDOXDEOH XQGHUVWDQGLQJ RI WKH
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KXPDQ GLYHUVLW\ ,Q WKH PRVW &19 VWXGLHV D '1$ IURP D
VLQJOH LQGLYLGXDO VXFKDV1$RU1$ZDVXVHGDV
UHIHUHQFH VDPSOH +RZHYHU KRPR]\JRXVO\ GHOHWHG UHJLRQ RI
UHIHUHQFHVDPSOHFDQRIWHQOHDGWRHUURQHRXV&19GHWHFWLRQRI
D WHVW VDPSOH 7KHUHIRUH LW LV HVVHQWLDO WR DYRLG ELDVHG&19
FDOOV ZKLFK DUH DIIHFWHG E\ &19 UHJLRQ RI WKH UHIHUHQFH
VDPSOHWKURXJKWKHJHQRPHZLGHVXUYH\RI&19UHJLRQVLQLWV
VDPSOH ,Q WKLV VWXG\ ZH DVFHUWDLQHG &19V IURP WKH
FRPPRQO\ XVHG UHIHUHQFH '1$ 1$ VDPSOH 7R GR
WKLVZH XVHG QRW RQO\ D1LPEOH*HQ+'0D&*+DQG D
1LPEOH*HQ +' î. D&*+ EXW DOVR ZKROHJHQRPH
VHTXHQFLQJ GDWD 1$ ZLWK î FRYHUDJH DQG
1$&19 UHJLRQ REWDLQHG IURP WKH*HQRPLF0HGLFLQH
,QVWLWXWH *0,0RUHRYHU  .RUHDQ SRROHG '1$ VDPSOHV
ZHUH XVHG IRU D UHIHUHQFH WRPLQLPL]H UHIHUHQFH&19 HIIHFW
DQG*HQRPH$OWHUDWLRQ'HWHFWLRQ$QDO\VLV *$'$SURJUDP
ZDVXVHGWRGHWHFWWKH&19V)URPWKH&19VGHWHFWHG
E\*$'$ IDOVHO\GHWHFWHG&19V&19V ORFDWHG LQ
VHJPHQWDO GXSOLFDWLRQ UHJLRQV DQG  &19V ZKLFK ZHUH
DIIHFWHG E\ .RUHDQ &19V ZHUH ILOWHUHG RXW )LQDOO\ 
SXWDWLYH &19V RI 1$ ZHUH GLVFRYHUHG 7KHVH &19V
ZHUH FRPSULVHG RI  QRYHO &19V DQG  &19V
RYHUODSSHG ZLWK *0, GDWD 2XU UHVXOWV ZLOO EH D XVHIXO













*HQHWLF VWXGLHV LQ $UDE SRSXODWLRQV KDYH VLJQLILFDQWO\
FRQWULEXWHG WR WKH HOXFLGDWLRQ RI WKH JHQHWLF EDVLV RI ERWK
FRPPRQ DQG UDUH GLVRUGHUV DQG SURYLGHG DQ LQYDOXDEOH
UHVRXUFHRIKXPDQJHQRPHYDULDWLRQ 3URSHURUJDQL]DWLRQRI
KXPDQ GLVHDVHFDXVLQJ JHQH YDULDQWV LV DQ HVVHQWLDO WRRO WR
JXLGH SDWLHQW FDUH LQ WKH UHJLRQ LQWR WKH DJH RI SHUVRQDOL]HG
PHGLFLQH  ,Q DFFRUGDQFH ZLWK WKH VSLULW RI WKH LQWHUQDWLRQDO
+XPDQ9DULRPH3URMHFWWKH&HQWUHIRU$UDE*HQRPLF6WXGLHV
&$*6 LQLWLDWHG WKH $UDE +XPDQ 9DULRPH 3URMHFW ZLWK DQ
DLPWRHVWDEOLVKDGDWDEDVHSODWIRUPWRUHFRUGWKHIXOOVSHFWUXP
RI GLVHDVHFDXVLQJ JHQH YDULDWLRQV LQ $UDE SRSXODWLRQV
$FFRUGLQJO\ZH FRQGXFWHG D SLORW SKDVH WKDW IRFXVHG RQ WKH
FROOHFWLRQ RI JHRJUDSKLFDORULHQWHG DQG GLVHDVHRULHQWHG
GLVHDVHFDXVLQJJHQHYDULDQWVLQWKHUHJLRQ'XULQJWKHSHULRG
EHWZHHQ \HDUV  DQG  &$*6 FRQGXFWHG D GDWD
FROOHFWLRQSKDVHWRGRFXPHQWJHQHWLFGLVRUGHUVGHVFULEHGLQWKH
$UDESRSXODWLRQRI4DWDU3XEOLVKHGUHSRUWVUHIHUULQJWRJHQH




LQ WKH DYDLODELOLW\ RI FRPSUHKHQVLYH PXWDWLRQ GDWD IRU 
JHQHWLFGLVRUGHUVLQWKH$UDESRSXODWLRQRI4DWDU,QEULHIWKH
PDMRULW\ RI UHFRUGHG PXWDWLRQV DUH QRWHG DV QRYHO RU UDUH
HQWLWLHV KHQFH SURYLGLQJ HYLGHQFH IRU WKH JHQHWLF
KHWHURJHQHLW\ LQ WKH UHJLRQ  6LPLODUO\ LQGHSHQGHQW YDULDQWV
RFFXUULQJ LQ WKH VDPHJHQH UHVXOWHG LQYDULDEOHH[SUHVVLRQRI
WKHFOLQLFDOVHYHULWLHVRIDVVRFLDWHGGLVRUGHUVDQGFRQWULEXWHGWR
WKHFOLQLFDOKHWHURJHQHLWLHVREVHUYHG LQ WKHSRSXODWLRQVRI WKH
UHJLRQ  2Q WKH RWKHU KDQG EHWDWKDODVVHPLD D FRPPRQ
GLVRUGHU LQ WKH UHJLRQZDV VHOHFWHG WR LQLWLDWH D FROOHFWLRQRI
GLVHDVHRULHQWHG JHQH YDULDQWV  7KH VXUYH\ UHVXOWHG LQ WKH
JHQHUDWLRQ RI GHWDLOHG GDWD RQ WKH GLVWULEXWLRQ RI  EHWD
WKDODVVHPLDPXWDWLRQVSRLQWPXWDWLRQVVKRUWGHOHWLRQV
LQVHUWLRQVDQGGHOHWLRQVLQVHUWLRQVLQ$UDESRSXODWLRQV
IURP VWXGLHV FRPSULVLQJ D WRWDO RI  EHWDWKDODVVHPLD
DOOHOHV  &RXQWULHV FRYHUHG E\ WKLV VXUYH\ LQFOXGH  $OJHULD
%DKUDLQ &RPRURV (J\SW ,UDT -RUGDQ .XZDLW /HEDQRQ
0RURFFR 2PDQ 3DOHVWLQH 4DWDU 6DXGL $UDELD 6\ULD
7XQLVLD 8$( DQG <HPHQ  2I WKH  EHWDWKDODVVHPLD
PXWDWLRQV WKH PRVW FRPPRQ RQHV DPRQJ$UDEV FRPSULVH
QHDUO\  RI DOO EHWDWKDODVVHPLD DOOHOHV  7KHVH PXWDWLRQV
DUH LQ GHFUHDVLQJ RUGHU ,96, F*!$ &G 
F&!7 ,96, F*!& ,96, F7!&
,96,F*!$,96,,F*!$ES,96,µ
GHOHWLRQ FBGHO &G  FGHO$ &G 
FBGHO&7 DQG&G FBGHO$$ 7KH LQIRUPDWLRQ
SRROHGIURPWKLVSLORWVXUYH\GRHVPDUNMXVWWKHEHJLQQLQJRID
ORQJWHUP DQG DPELWLRXV SURMHFW E\ &$*6 WR GHSLFW KXPDQ






















OHDGLQJ KHDOWK SUREOHPV WKURXJKRXW WKH ZRUOG 3DWLHQWV ZLWK
7'0 LQ$VLD KDYH GLIIHUHQW FOLQLFDO SKHQRW\SHV IURP RWKHU
SRSXODWLRQV DQG DUH FKDUDFWHUL]HG DV ORZ %0, DQG OLPLWHG
LQVXOLQ VHFUHWDU\ FDSDFLW\ 3UHYLRXVO\ ZH KDYH UHSRUWHG
.&1- DV DQ $VLDQ VSHFLILF VXVFHSWLELOLW\ JHQH IRU 7'0





D QHZ -DSDQHVH SDQHO FDVHV  FRQWUROV  D .RUHDQ
SDQHO FDVHV FRQWUROV D'DQLVKSDQHO FDVHV
FRQWUROVDQGD8.SDQHOFDVHVFRQWUROV
*HQRW\SHSKHQRW\SH FRUUHODWLRQV ZHUH DQDO\]HGZLWKP51$
OHYHOV DQG D FKROHVWHURO V\QWKHVL]H PDUNHU
GHVPRVWHUROFKROHVWHURO UDWLR LQ KHDOWK\ YROXQWHHUV &OLQLFDO
DQG PHWDEROLF SDUDPHWHUV %0, +20$,5 DQG +20$ȕ
VFDOHZHUHDVVHVVHGLQ7'0FDVHVE\JHQRW\SH)RXU613V
254 HUGO J (2011) 5:1–346
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LQ WKH RSHQ UHDGLQJ IUDPH DQG IRXU 613V LQ WKH  SULPH
XQWUDQVODWHG UHJLRQ ZHUH IRXQG WR KDYH PLQRU DOOHOH
IUHTXHQFLHV RI JUHDWHU WKDQ  LQ WKH YDULDWLRQ VFUHHQLQJ
*HQRW\SLQJRIWKHVHHLJKW613VDQGDQLQWURQWDJ613LQWKH
ILUVW VDPSOH VHW FRQVLVWLQJ RI  SDWLHQWV DQG  FRQWUROV
UHYHDOHG WKDW  613V  613V ZHUH LQ DEVROXWH /' ZHUH
VLJQLILFDQWO\ DVVRFLDWHG ZLWK 7'0 7KUHH 613V 3    [
25 3 [25 3 [25
   ZHUH UHSOLFDWHG LQ $VLDQ -DSDQHVH  .RUHDQ SDQHO
DQG RQH 613 ZDV UHSOLFDWHG LQ ERWK $VLDQ DQG &DXFDVLDQ
'DQLVK8.SDQHOVRYHUDOO3 [25 7KH
P51$ OHYHO RI WKH VXEMHFWV ZLWK WKH ULVN KDSORW\SH ZDV
VLJQLILFDQWO\KLJKHUWKDQWKRVHZLWKRXWULVNKDSORW\SHVQ 
3    DQG WKH GHVPRVWHUROFKROHVWHURO UDWLR ZDV
VLJQLILFDQWO\ KLJKHU LQ WKRVH ZLWK WKH ULVN KDSORW\SH WKDQ LQ
ZLWKRXW ULVN KDSORW\SH Q    3    7'0 SDWLHQWV
FDUU\LQJWKHULVNKDSORW\SHVKRZHGORZ%0,DQGKLJK+20$
,5 Q    3    ZKLOH WKHUH ZDV QR VLJQLILFDQW
GLIIHUHQFH LQ+20$ȕ%HFDXVH WKLV FKROHVWHURO UHODWHGJHQH
LV H[SUHVVHG LQ OLYHU DQGDGLSRF\WHV DEXQGDQWO\YDULDWLRQVRI
WKLV JHQH PD\ FRQWULEXWH WR OLQN EHWZHHQ YLVFHUDO DGLSRVH
WLVVXH DQG OLYHU LQ JOXFRVH KRPHRVWDVLV $ JHQRPH ZLGH
OLQNDJHDQDO\VLV LQ-DSDQHVH IROORZHGE\ILQHPDSSLQJRI WKH
FDQGLGDWH UHJLRQ RQ FKURPRVRPH  KDV LGHQWLILHG D

















93+ DLPV WR GHYHORS D SDWLHQWVSHFLILF SODWIRUP LPSURYLQJ
WKH PDQDJHPHQW SURFHVVHV RI KHDUW GLVHDVHV E\ GHILQLWLRQ RI
WKH VHYHULW\ DQG H[WHQW RI WKH GLVHDVH LQ SDWLHQWV ZLWK SRVW
LVFKHPLFOHIWYHQWULFXODUG\VIXQFWLRQ/9'2QHPDMRUWDVNLV
WKH LQWHJUDWLRQ RI FOLQLFDO ELRORJLFDO DQG JHQHWLF GDWD
UHWULHYHG IURP PHGLFDO UHFRUGV DQG ODERUDWRULHV UHVHDUFK




YDULDQWV LQ SDWLHQWV ZLWK FKURQLF V\VWROLF KHDUW IDLOXUH DQG
GLIIHUHQW GHJUHHV RI UHYHUVH /9 UHPRGHOLQJ DIWHU FDUGLDF
UHV\QFKURQL]DWLRQWKHUDS\&57LQDPXOWLFHQWUHFDVHFRQWURO
VWXG\ 2QHKXQGUHG SDWLHQWV LPSODQWHG ZLWK &57 ZHUH
HQUROOHG DQG '1$ ZDV SUHSDUHG IURP PRQRQXFOHDU EORRG
FHOOV /DFN RI EHQHILW IURP &57 LQ WHUPV RI UHYHUVH
UHPRGHOLQJ ZDV XVHG WR FDWHJRUL]H WKH SRSXODWLRQ DV
UHVSRQGHUVQRQUHVSRQGHUV 5HYHUVH UHPRGHOLQJ &57
UHVSRQGHUVZDVGHILQHGDVDGHFUHDVHIURPEDVHOLQHDWIROORZ
XSHFKRWRPRQWKVDIWHU&57LQ/9HQGV\VWROLFYROXPH
!  3DWLHQWV '1$ ZDV VXEVHTXHQWO\ JHQRW\SHG IRU 
JHQHWLFYDULDQWVXVLQJ7DT0DQWHFKQRORJ\5HODWLYHDOOHOHDQG
JHQRW\SH IUHTXHQFLHV KDYH EHHQ FRPSDUHG E\ FKLVTXDUH WHVW
EHWZHHQ UHVSRQGHUVDQGQRQUHVSRQGHUV3YDOXHVKDYH
EHHQ FRQVLGHUHG VWDWLVWLFDOO\ VLJQLILFDQW &KLVTXDUH WHVW IRU
FDWHJRULFDOYDULDEOHVDQG6WXGHQW
VWWHVWRU0DQQ:KLWQH\WHVW
IRU FRQWLQXRXV YDULDEOHV ZHUH XVHG WR FRPSDUH WKH
GHPRJUDSKLF FKDUDFWHULVWLFV LQ ERWK JURXSV 1RQ UHVSRQGHU
15 Q  DQG UHVSRQGHU 5 Q  JURXSV ZHUH ZHOO
EDODQFHGIRUYDULDEOHVNQRZQWRDIIHFWRXWFRPHDIWHU&57DJH
15  >@ YV 5  >@ S QV V\PSWRP VHYHULW\
1<+$ FODVV ,, 15  YV 5  S QV DQG LVFKHPLF
HWLRORJ\ 15  YV 5  S QV 15 SKHQRW\SHV ZHUH
VLJQLILFDQWO\DVVRFLDWHGZLWK&DOOHOHRIUV15YV5
S ZLWKLQWKHKHWHURWULPHULF*73ELQGLQJSURWHLQ
*1% DQG WKH& DOOHOH RI UV 15 YV5 
S ZLWKLQWKHȕVXEXQLWRI1D.$73DVH$73%
:H LGHQWLILHG WZR JHQHWLF YDULDQWV WR EH VLJQLILFDQWO\
DVVRFLDWHGZLWK WKH&57QRQUHVSRQGHUSKHQRW\SHZLWKLQRXU
VWXG\ SRSXODWLRQ ZKLFK ZDV XVHG IRU GDWD PLQLQJ SXUSRVHV
ZLWKLQ WKH 93+ SURMHFW %RWK YDULDQWV UHVLGH ZLWKLQ JHQHV
LQYROYHG LQ VLJQDO WUDQVGXFWLRQ SURFHVVHV *1% DQG
$73% VXJJHVWLQJ DQ LPSDLUHG UHVSRQVHRISDWLHQWV WR WKH
DSSOLHG WKHUDSHXWLFDO WUHDWPHQWGXH WRDOWHUHGSURWHLQDFWLYLW\
5HFHQWO\ PROHFXODU IXQFWLRQDO DQDO\VLV RI *1% KDV
VXJJHVWHG&7UVWRFUHDWHDQRYHOVSOLFHYDULDQWDQG
DQ LQIUDPH GHOHWLRQ RI  DPLQR DFLGV IURP WKH ZLOGW\SH
SURWHLQ7KHȕVXEXQLW RI$73% LV UHTXLUHG IRU WKH FRUUHFW
FHOOXODU HQ]\PH ORFDWLRQ DQG LWV VWDELOLW\ DQG WUDQVODWLRQ LV





















,QGHSWK UHVHDUFKRIJHQHWLFGLYHUVLW\ LQKXPDQVSURYLGHV WKH
NH\V WR HYROXWLRQDU\ KLVWRU\ RI RXU VSHFLHV DQG KDV
IXQGDPHQWDO LPSOLFDWLRQV IRU JHQHWLF GLVVHFWLRQ RI FRPPRQ
GLVHDVHV IRUHQVLF VFLHQFH DQG DQWKURSRORJ\ +HUH ZH
FKDUDFWHUL]H WKH JHQHWLF YDULDWLRQ  SRSXODWLRQV RI (XUDVLD
XVLQJJHQRPHZLGH613VVHW*HQRW\SLQJZDVSHUIRUPHGZLWK
WKHXVHRI,OOXPLQDGXRTXDGURRUTXDGURDUUD\VRQ
 SRSXODWLRQ VDPSOHV RULJLQDWLQJ IURP DFURVV 5XVVLD
(DVWHUQ (XURSH DQG &HQWUDO $VLD  7KH GDWD ZHUH FRPELQHG
ZLWK+DS0DSVHWRIVDPSOHV7KLVUHVXOWHGLQJHQRW\SHVRI
 SHRSOH WKDW UHSUHVHQW GLIIHUHQW HWKQLF JURXSV UDQJLQJ
IURP (DVW (XURSH WR -DSDQ LQFOXGLQJ (DVWHUQ (XURSH
&DXFDVXV &HQWUDO $VLD 8UDO 6LEHULD 1RUWK(DVW DQG (DVW





3& RI WKH JHQHWLF GLYHUVLW\ 7KH VHFRQG 3& LGHQWLILHG D
1RUWK6RXWKJUDGLHQWDOWKRXJKGXHWRODUJHJHRJUDSKLFUHJLRQV
RFFXSLHGE\6LEHULDQV LWZDV OHVVSURQRXQFHG:HIRXQG WKDW
 UDQGRP 613V ZHUH VXIILFLHQW WR SUHGLFW 3& YDOXH ZLWK





613V SURGXFHG LQGLVWLQJXLVKDEOH SDWWHUQV WR WKRVH REWDLQHG
ZLWK  613V *HQRPHZLGH OLQNDJH GLVHTXLOLEULXP
DQDO\VLVUHYHDOVVHYHUDOYHU\ORQJOLQNHG613VEORFNVDJDLQVW
WKHEDFNJURXQGRIVPDOODYHUDJHVL]HRIEORFNV:HDOVRIRXQG
JHQRPLF UHJLRQ VXUURXQGLQJ71. DQG065$JHQHV WKDW DUH
DVVRFLDWHG ZLWK REHVLW\ DQG ZDLVW FLUFXPIHUHQFH ZKLFK
SURGXFHLQYDULDQWO\KLJKOLQNDJHGLVHTXLOLEULXPYDOXHVDPRQJ
(XURSHDQSRSXODWLRQ7KHUHVXOWVRIWKLVVWXG\DUHHQFRXUDJLQJ
IRU WKH XVH RI VKDUHG FRQWURO VDPSOHV LQ 1RUWKHUQ (XUDVLD
FDVHFRQWUROVWXGLHV:LWKRUZLWKRXWWKHRULJLQRIWKHVDPSOHV
LW VKRXOGEHSRVVLEOH WR ORFDWH D FRKRUW RI FDVH VDPSOHVRQ D
JHQHWLFRULJLQPDSRQWKHEDVLVRIWKHLUJHQRW\SHVDQGXVHWKLV
LQIRUPDWLRQ WR VHOHFWD VXLWDEOHVHWRIFRQWURO VDPSOHV IRU WKH
VWXG\  *HQHUDWLRQ RI OLVW RI UDQNHG 613V RSHQV LQWULJXLQJ
SRVVLELOLWLHV WR DFFRPSOLVK SRSXODWLRQ JHQHWLFV VWXGLHV ZLWK















)LIWHHQ \HDUV DJR 5LVFK DQG 0HULNDQJDV SURSRVHG WKDW WKH
JHQH PDSSLQJ IRU FRPSOH[ WUDLWV FRXOG EH HIILFLHQWO\
SHUIRUPHGXVLQJFDVHFRQWUROVDPSOLQJZLWKODUJHQXPEHUVRI
LQGLYLGXDOVVFUHHQHGIRUODUJHQXPEHURIPDUNHUVWKRXJKWKH\
DGPLWWHG IDPLO\ VWXGLHV ZRXOG EH PRUH SRZHUIXO  7KLV
PRWLYDWHG GHYHORSPHQW RI WHFKQRORJLHV WKDW SODFH UDSLG DQG
LQH[SHQVLYH ZKROH JHQRPH VHTXHQFLQJ RQ WKH KRUL]RQ
UHSUHVHQWLQJWKHSRVVLELOLW\IRUFRPSOHWHLQIRUPDWLRQDERXWDOO
LQKHULWHGVHTXHQFHYDULDWLRQLQDQ\LQGLYLGXDO$WWKHWLPHZH
SRLQWHG RXW WKDW WKLVZRXOG RQO\ EH XVHIXO LI WKH ULVN IDFWRUV
KDGKLJKDWWULEXWDEOHULVNZKLFKWRXVVHHPHGKLJKO\XQOLNHO\
XQGHU DQ\ UHDVRQDEOH HYROXWLRQDU\ PRGHO   \HDUV DJR
GHEDWH UDJHG DERXW WKH SODXVLELOLW\ RI WKH FRPPRQ
YDULDQWFRPPRQGLVHDVHPRGHOGHILQHGE\5HLFKDQG/DQGHU
DVʊWKHFRQMHFWXUHWKDWWKHJHQHVUHVSRQVLEOHIRUPRVWRI
WKH ULVN RI FRPPRQ GLVHDVHV VXFK DV K\SHUWHQVLRQ KHDUW
GLVHDVHDQGDVWKPDKDYHVLPSOHDOOHOLFVSHFWUa”, ZKLFKLPSOLHG
WKDWʊFDXVHVRIGLVHDVHVFRXOGEHIRXQGE\DVVRFLDWLRQVWXGLHV
XVLQJ FRPPRQ JHQH YDULDQWs” 7KH\ IXUWKHU FDPHXSZLWK D
ʊKDUGSUHGLFWLRQ” WKDWWKLVZRXOGEHWKHFDVH*ROGVWHLQZURWH
LQ  WKDW ʊWKRVH ZRUULHG WKDW JHQHWLF DVVRFLDWLRQ VWXGLHV
ZRXOG EH RI OLPLWHG YDOXH EHFDXVH RI WKH UDULW\ RI FRPPRQ
YDULDQWV WKDW LQIOXHQFHFRPPRQGLVHDVHVKRXOGEH UHassured”
DQG LQ&ROOLQVZDVSUHGLFWLQJ WKDWE\ʊSUHGLFWLYH
JHQHWLF WHVWV ZLOO EH DYDLODEOH IRU D GR]HQ FRPPRQ
FRQGLWLons”$W+*0LQ(GLQEXUJKLWZDVVXJJHVWHGWKDW
ZH QHHGHG WR GR*:$6 IRU WUDLWV OLNH EUHDVW FDQFHU EHFDXVH
WKH SRSXODWLRQ DWWULEXWDEOH IUDFWLRQ RI %5&$ DQG %5&$
PXWDWLRQVZDV WRR VPDOO WR EH XVHIXO DQG WKDWZH QHHGHG WR
ILQG WKH FRPPRQ YDULDQWV WKDW FDXVHG EUHDVW FDQFHU LQ PRVW
SHRSOH\HDUVODWHUPDQ\YDULDQWVKDYHEHHQLGHQWLILHGEXW
WKHLU FRPELQHG DWWULEXWDEOH IUDFWLRQ LV OHVV WKDQ %5&$ DQG
%5&$  6RPH PLJKW FDOO WKH DFFRPSOLVKPHQWV RI WKH
+DS0DS DQG *:$6 HUD HQRUPRXV EXW MXGJHG DJDLQVW WKH
VWDQGDUGVODLGRXWE\WKRVHZKRSURPRWHGLWDGHFDGHDQGPRUH
DJR FOHDUO\ WKLV LV QRW WKH FDVH  ,W LV KLJKO\ XQOLNHO\ IRU
H[DPSOH WKDW WKH LQIDPRXV :HOOFRPH 7UXVW &DVH &RQWURO
&RQVRUWLXP ZRXOG KDYH EHHQ IXQGHG KDG WKH DFWXDO UHVXOWV
DFKLHYHGEHHQZKDWZDVSURPLVHGLQWKHJUDQWDSSOLFDWLRQ6R
KHUHZH DUH D GHFDGH ODWHU LQZKDW.HQ:HLVV UHIHUV WR DV D
VWDWHRI:HVWHUQ=HQZKHUHQRPHDQV\HVDQGQRZHGLGQRW
ILQG ZKDW ZH H[SHFWHG PHDQV \HV JLYH XV PRUH PRQH\


























PRUH UDUH DPRQJ LQGLYLGXDOV DIIHFWHG E\ DOFRKROLVP DQG
FRQVLGHUHG WR EH SURWHFWLYH DJDLQVW DOFRKROLVP 7KH DOOHOH
SURWHFWLYHHIIHFW LVEDVHGRQIDVWHUFRQYHUVLRQRIHWKDQRO LQWR
WR[LF DFHWDOGHK\GH UHVXOWLQJ LQ GLVFRPIRUW DIWHU DOFRKRO
FRQVXPSWLRQEHFDXVHRIHOHYDWHGOHYHORIWKHWR[LFVWXIILQWKH
RUJDQLVP $'+%+LV DOOHOH IUHTXHQF\ LV WKH KLJKHVW LQ
SRSXODWLRQVRI&KLQDDQG-DSDQDQGUDWKHUORZIRU
(XURSHDQV   $ ORFDO PD[LPXP RI WKH SURWHFWLYH DOOHOH
IUHTXHQF\LVIRXQGLQSRSXODWLRQVRI6RXWK:HVW$VLDZKHUH
WKH DOOHOH IUHTXHQFLHVYDU\ IURP IRU7XUNV WR IRU
6DPDULWDQV 2VLHU HW DO /L HW DO %RULQVND\D HW
DO6RXWK:HVW$VLDVXSSRVHGWREHWKHSODFHRIRULJLQ
RI WKH $'+%+LV DOOHOH 2VLHU HW DO  +DQ HW DO
  ([DFW SRVLWLRQ RI WKH IUHTXHQF\ PD[LPXP LV QRW
GHWHUPLQHG \HW :H KDYH HVWDEOLVKHG $'+%+LV DOOHOH
IUHTXHQFLHV IRU VPDOO FRKRUWV IURP WKH IROORZLQJ FRXQWULHV
0RURFFR 3DOHVWLQH /HEDQRQ ,UDT -RUGDQ (J\SW <HPHQ
6\ULD DQG 2PDQ %ORRG RU EXFFDO VZDE VDPSOHV ZHUH
FROOHFWHGIURP0RVFRZVWXGHQWVERUQLQWKHVHFRXQWULHVXQGHU
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LQIRUPHG FRQVHQW SURFHGXUH 0D[LPXP IUHTXHQFLHV RI WKH



















7XUNH\ KDV D VSHFLDO ORFDWLRQ LQ EHWZHHQ (XURSH DQG $VLD
/RQJVWDQGLQJ KXPDQ SUHVHQFH DQG E\ WKH HIIHFW RI VRFLDO
WUDGLWLRQV WKH JHQHWLF VWUXFWXUH RI SRSXODWLRQV LQKDELWLQJ
7XUNH\ LV TXLWH FRPSOH[ ,Q WKLV VWXG\ WR FKDUDFWHUL]H WKH
SDWWHUQVRIJHQHWLFGLYHUVLW\RI7XUNH\$QDWROLDXQUHODWHG





KDSORW\SHV ZHUH REVHUYHG LQ WKH  LQGLYLGXDOV VWXGLHG RI
ZKLFKZHUHXQLTXH7KHPRVWFRPPRQKDSORW\SH
ZDVREVHUYHGLQLQGLYLGXDOV7KHRYHUDOOKDSORW\SH
GLYHUVLW\ IRU WKH  <675 ORFL ZDV  DQG WKH
GLVFULPLQDWLRQ FDSDFLW\ ZDV  LQGLFDWLQJ D KLJK
SRWHQWLDO IRU GLIIHUHQWLDWLQJ EHWZHHQ PDOH LQGLYLGXDOV LQ WKLV
SRSXODWLRQ0LWRFKRQGULDO'1$ PW'1$ YDULDWLRQZDV DOVR
VWXGLHG DPRQJ WKH VDPH LQGLYLGXDOV :H DQDO\]HG WKH ILUVW
VHFRQGDQG WKLUGK\SHUYDULDEOH UHJLRQRIPLWRFKRQGULDO'1$
FRQWURO UHJLRQ SRVLWLRQ   
UHVSHFWLYHO\7KH<675UHVXOWVZHUHFRPSDUHGZLWKPW'1$

















7KHUH KDV EHHQ LQWHUHVW LQ KHWHRF\FOLF V\VWHPV DV VHTXHQFH




H[DPSOHVRI V\PPHWULFDO GLPHUVRU OLQNHGGLPHUV KDYHEHHQ
UHSRUWHG ZLWK VLPLODU WDUJHWV DQG DW OHDVW VRPH HYLGHQFH RI
VWUXFWXUHV ZLWK SRWHQWLDO IRU WDUJHWLQJ *TXDGUXSOH[HV
'HYHORSLQJ QHZ PHWKRGV WR JHQHUDWH QRYHO ELV DQG
ROLJREHQ]LPLGD]ROHV DQG HYDOXDWLRQ DV QXFOHLF DFLG ELQGLQJ
DJHQWV LV WKXV RI LQWHUHVW  7KLV FRQWULEXWLRQ ZLOO GHVFULEH
V\QWKHVLV RI VHYHUDO IDPLOLHV RI QRYHO ROLJRKHWHURF\FOLF
V\VWHPVGHVLJQHGWRSURYLGHDPRGXODUDSSURDFKWRSURYLGHD
UDQJHRIQHZOLJDQGVW\SHVFDWHJRUL]HGEDVHGRQKHWHURF\FOLF





'1$ VHTXHQFHV FRQWDLQLQJ YDULRXV OHQJWK $7Q VHFWLRQV
ZLOO EH SUHVHQWHG OHDGLQJ WR LGHQWLILFDWLRQ RI QRYHO '1$












2YHU WKH SDVW WZR GHFDGHV UHFHQW DGYDQFHV LQ RXU
XQGHUVWDQGLQJ RI FHUHEHOODU QHXURDQDWRP\ DORQJ ZLWK
HYLGHQFH IURP UHVHDUFK LQ IXQFWLRQDO QHXURLPDJLQJ
QHXURSK\VLRORJLFDO DQG QHXURSV\FKRORJLFDO ILHOGV KDYH
H[SDQGHG RXU YLHZ RI WKH FHUHEHOOXP IURP WKDW RI D VLPSOH
FRRUGLQDWRURIDXWRQRPLFDQGVRPDWLFPRWRUIXQFWLRQWRPRUH
ZLGHO\ DFFHSWHG QRWLRQ WKDW WKH FHUHEHOOXP LV LQYROYHG LQ
PRGXODWLRQRIFRJQLWLYHIXQFWLRQLQJDQGODQJXDJHSURFHVVLQJ
2EMHFWLYH 7R GHILQH WKH QHXURORJLFDO QHXURUDGLRORJLFDO DQG
JHQHWLFFKDUDFWHULVWLFVRIIDPLOLDOFDVHVZLWKPHQWDOUHWDUGDWLRQ
05 DQG FHUHEHOODU LQYROYHPHQW 7KUHH GLIIHUHQW 6DXGL
IDPLOLHVZLWKSURPLQHQWFHUHEHOODULQYROYHPHQWDQG05ZHUH
LGHQWLILHG WKURXJK WKH JHQHWLF FOLQLF DW.LQJ)DLVDO 6SHFLDOLVW
+RVSLWDO DQG 5HVHDUFK &HQWUH .)6+5& 5L\DGK 6DXGL
$UDELD)RUPDOQHXURORJLFDODQGQHXURUDGLRORJLFDOHYDOXDWLRQV
ZHUH SHUIRUPHG 'LIIHUHQW JHQHWLF WHFKQLTXHV ZHUH XVHG DV
ZDUUDQWHG LQFOXGLQJKRPR]\JRVLW\PDSSLQJ OLQNDJHDQDO\VLV
0/3$ DUUD\ &*+ ; LQDFWLYDWLRQ VWXG\ DQG IXOO JHQH
VHTXHQFLQJ7KHVWXG\ZDVDSSURYHGE\WKH,5%DW.)6+5&
7KH ILUVW IDPLO\ RI IRXU ER\V DQG RQH JLUOZDV DIIHFWHGZLWK
;/05 7KH ER\V KDGPRGHUDWH05 VHL]XUH GLVRUGHU IDFLDO
G\VPRUSKLVPDQGFHUHEHOODUYHUPLVK\SRSODVLD7KHJLUO KDG
PLOG05 VHL]XUHV DQG PLOG FHUHEHOODU K\SRSODVLD $ QRYHO
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GHOHWLRQRIDWOHDVWH[RQVZDVLGHQWLILHGE\3&5DQDO\VLV





VKRZHG ZHOOGHILQHG DEQRUPDO 7 K\SRLQWHQVLWLHV ZLWKLQ WKH
JORELSDOOLGLDQG WKHVXEVWDQWLDQLJUDELODWHUDOO\ VXJJHVWLYHRI
SUHPDWXUH LURQ GHSRVLWLRQV DQG GLIIXVH FHUHEHOODU DWURSK\
%HFDXVH RI WKH LURQ GHSRVLWLRQ LQ WKH EDVDO JDQJOLD 3$1.
JHQHVHTXHQFLQJZDVSHUIRUPHGDQGZDVQRUPDO3/$*IRU
VXVSHFWHG LQIDQWLOH QHXURD[RQDO G\VWURSK\ VKRZHG D QRYHO
KRPR]\JRXVPXWDWLRQF&!7S+<7KHSDUHQWVZHUH
FRQILUPHG DV FDUULHUV IRU WKLVPXWDWLRQ 7KH WKLUG FRQVLVWV RI





PXWDWLRQ LQ DOO DIIHFWHG PHPEHUV DQG WKH SDUHQWV ZHUH
KHWHUR]\JRXV 7KH QHXURUDGLRORJLFDO DVVHVVPHQW UHYHDOHG
QRYHO ILQGLQJV7KH05,RI WKHEUDLQ VKRZHGYROXPH ORVVRI
WKH FHUHEHOOXP DQG ZKLWH PDWWHU DEQRUPDOLWLHV LQ WKH
SHULWWULJRQDO DUHDV RI YDULDEOH GHJUHH ,Q DGGLWLRQ )'* 3(7
UHYHDOHG K\SRPHWDEROLF FHUHEHOODU KHPLVSKHUHV WHPSRUDO
OREHVDQGPHVLDOFRUWH[%HVLGHVGHVFULELQJWKHVHFRQGIDPLO\
LQ WKHOLWHUDWXUH WKLVUHSRUWIXUWKHUGHOLQHDWHVWKHQHXURORJLFDO
&$ SKHQRW\SH :H SUHVHQW WKUHH UDUH FDXVHV RI 05 DQG
FHUHEHOODULQYROYHPHQWIURP6DXGL$UDELD,WLVKRSHGWKDWWKLV


















VSRW IRU GHOHWLRQ PXWDWLRQV 7KH REMHFWLYH ZDV WR SURYLGH
LQIRUPDWLRQ RQ WKH W\SH DQG SUHYDOHQFH RI PLFURGHOHWLRQV LQ
LQIHUWLOH ,UDTL PDOHV LQGLFDWLRQ IRU WHVWLQJ JHQRW\SH
SKHQRW\SH FRUUHODWLRQ )LIW\ WZR FDVHV RI LGLRSDWKLF
ROLJRVSHUPLF DQG D]RRVSHUPLF LQIHUWLOH ,UDTL PDOHV ZHUH
VHOHFWHG IRU WKLV VWXG\ &DVH VHOHFWLRQ ZDV EDVHG RQ FDVH
KLVWRU\ 6HPHQ DQDO\VLV FOLQLFDO H[DPLQDWLRQ
HQGRFULQRORJLFDO DQG F\WRJHQHWLF VWXG\ 7KH 676 SULPHUV
WHVWHG RQ HDFK VXEMHFW '1$ E\ PXOWLSOH[ 3&5 ZHUH 6<
6<$=)D6<6<$=)E6<6<$=)F
DQG 6< 65< DV DQ LQWHUQDO FRQWURO 6HYHQ RI ILIW\ WZR
FDVHVVKRZHGGHOHWLRQRIDWOHDVWRQHRIWKH676
PDUNHUV )LYH FDVHV RIZKLFK KDG D FRPSOHWH$=)F GHOHWLRQ
WZR RI ZKLFK ZHUH EURWKHUV DQG WZR FDVHV KDG D SDUWLDO
6HYHQRIILIW\WZRFDVHVVKRZHGGHOHWLRQRIDW
OHDVW RQH $=)F GHOHWLRQ 7ZR FDVHV RI WKH FRPSOHWH $=)F
GHOHWLRQVZHUH IXUWKHU RYHUODSSHG E\ 3DUWLDO$=)E GHOHWLRQV
7KH VWXG\ FRQFOXGHG WKDW WKHUH LV D UHODWLYH KLJK SUHYDOHQFH
UDWHRI$=)PLFURGHOHWLRQVZLWKLQWKH,UDTLSRSXODWLRQ$=)F























& SVHXGRWXEHUFXORVLV LV D *UDP SRVLWLYH SDWKRJHQ QRQ
HVSRUXODWLQDQGSOHRPRUSKLF%HORQJVWR$FWLQREDFWHULDJURXS
DQG FDXVDWLYH DJHQW RI &DVHRXV /\PSKDGHQLWLV &/$ &/$
FDXVHV FDVHRXV O\PSKDGHQLWLV LQ O\PSKDWLF JODQGV DQGRU
DEVFHVVHVLQVXSHUILFLDOO\PSKQRGHVDQGVXEFXWDQHRXVWLVVXHV
RI VKHHS DQG JRDWV 7KH WUHDWPHQW RI WKLV GLVHDVH ZLWK
DQWLELRWLFV LV QRW HIIHFWLYH DQG WKH FRPPHUFLDO YDFFLQHV
OLFHQVHG IRU XVH LQ VKHHS GR QRW FRQIHU SURWHFWLRQ RQ JRDWV
7KHUHIRUH LW LV YHU\ LPSRUWDQW WR FKDUDFWHUL]H WKH YLUXOHQFH
IDFWRUV RI & SVHXGRWXEHUFXORVLV LQ RUGHU WR FUHDWH PRUH
HIILFLHQWYDFFLQHV7KHYLUXOHQFHJHQHVDUHIUHTXHQWO\KDUERUHG
E\3DWKRJHQLFLW\,VODQGV3$,VZKLFKDUHUHVSRQVLEOHIRU WKH
KLJK YLUXOHQFH DQG JHQRPLF SODVWLFLW\ RI VHYHUDO SDWKRJHQLF
EDFWHULD7KHFRPSUHKHQVLRQRIEDFWHULDOKHWHURJHQHLW\DQGWKH
HOXFLGDWLRQ RI WKH SURFHVVHV WKDW WDNHV EDFWHULD WR WKLV KLJK
SODVWLFLW\ DUH YHU\ LPSRUWDQW IRU HYROXWLRQDU\ HSLGHPLRORJLF
DQGSK\ORJHQHWLFVWXGLHV3$,VRI&SVHXGRWXEHUFXORVLVZHUH
LGHQWLILHGE\PHDQVRI3,36DVRIWZDUHWKDWSHUIRUPVDQDO\VHV
XVLQJ GLIIHUHQW VWUDWHJLHV EDVHG RQ WKH FODVVLFDO IHDWXUHV RI
3$,V OLNH &RGRQ 8VDJH &RORPER 6,*,B+00 DQG *&
FRQWHQW GHYLDWLRQV $UWHPLV DQQRWDWLRQ WRRO SUHVHQFH RI
YLUXOHQFHIDFWRUVP9,5'%IODQNLQJW51$VW51$VFDQB6(
DQG WUDQVSRVDVHV (175(= GDWDEDVH DQG DEVHQFH RQ
&RU\QHEDFWHULXP JOXWDPLFXP FORVH UHODWHG QRQ SDWKRJHQLF
EDFWHULXP $&7 $UWHPLV &RPSDULVRQ WRRO $ PDQXDO
FXUDWLRQ ZDV UHDOL]HG RQ  3XWDWLYH 3$,V DXWRPDWLFDOO\
LGHQWLILHGE\3,36WRUHILQHWKHUHVXOWV$FRPSDUDWLYHDQDO\VLV
RI3$,VPDQXDOO\FXUDWHGZLOOEHSUHVHQWHGKDUERXULQJJHQHV
VXFK DV IDJ$%& DQG ' RSHURQ LURQ DFTXLVLWLRQ SOG JHQH
SKRVSKROLSDVH '  VSKLQJRP\HOLQDVH DFWLRQ DQG 3$,  RI
&RU\QHEDFWHULXP GLSKWKHULDH VKDGLQJ QHZ OLJKWV WKDW FRXOG
















WR WKLV UHJLRQ IURP RWKHU SDUWV IRU YDULRXV UHDVRQV VXFK DV
DGYHQWXUH VSRUWV DQG GXW\ERXQG +HQFH LW LV LPSHUDWLYH WR
KDYHGHWDLOHGNQRZOHGJHRI+$SK\VLRORJ\DQGLWVJHQHWLFVVR
DV WR WDNH SUHYHQWLYH KHDOWK PHDVXUHV DW +$ +LJKDOWLWXGH
+$DGDSWDWLRQPDODGDSWDWLRQLVDPXOWLIDFWRUWUDLWLQYROYLQJ
VHYHUDO SDWKZD\V$V 3+ LV DPDUNHG IHDWXUH RI YDULRXV+$
GLVRUGHUV VXFK DV +LJK$OWLWXGH 3XOPRQDU\ (GHPD +$3(
ZH K\SRWKHVL]HG WKH FRQWULEXWLRQ RI WUDQVIRUPLQJ JURZWK
IDFWRUE SDWKZD\ LQ WKH SDWKRJHQHVLV RI +$3( KHQFH
LQYHVWLJDWHG WKH FRQWULEXWLRQ RI %RQH PRUSKRJHQHWLF SURWHLQ
UHFHSWRU,, %035,, SRO\PRUSKLVPV WR K\SREDULF K\SR[LD
,Q DGGLWLRQ WKH SODVPD OHYHOV RI VHURWRQLQ DQG LVRSURVWDQH
ZHUHDOVRHVWLPDWHG,QDFDVHFRQWUROGHVLJQDJHDQGJHQGHU
PDWFKHGXQUHODWHG+$3(UHVLVWDQWKHDOWK\PDOHV+$3(
U DQG  +$3( SDWLHQWV +$3(S ZHUH UHFUXLWHG IRU WKH
VWXG\&OLQLFDOFKDUDFWHULVWLFVVXFKDV%RG\PDVVLQGH[%0,
%ORRG SUHVVXUH %3 DUWHULDO R[\JHQ VDWXUDWLRQ 6D2 DQG
SXOVH UDWH 35 ZHUH PHDVXUHG $PRQJ WKH ELRPDUNHUV WKH
SODVPD VHURWRQLQ DQG LVRSURVWDQH OHYHOVZHUHPHDVXUHG E\
FRPPHUFLDOO\ DYDLODEOH NLWV *HQRW\SLQJ ZDV SHUIRUPHG E\
61$3VKRW 6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ 6366





DQG UV RI %035,, GLIIHULQJ VLJQLILFDQWO\ 3
EHWZHHQ+$3(SDQG+$3(UZKHUHLQPXWDQWDOOHOHVERWK7
RI UV DQG UV DVVRFLDWHG ZLWK ULVN RI +$3(
3  7KH ORJLVWLFUHJUHVVLRQ DQDO\VLV UHYHDOHG RYHU
UHSUHVHQWDWLRQ RI WKH KDSORW\SH **7& LQ +$3(S KHQFH
VHUYHG DV ULVN KDSORW\SH 25   &, 
FRQYHUVHO\ KDSORW\SHV **&7 *$77 DQG $*&7 ZHUH
RYHUUHSUHVHQWHG LQ +$3(U 7KH SODVPD OHYHOV RI VHURWRQLQ
DQGLVRSURVWDQHZHUH VLJQLILFDQWO\KLJKHU LQ+$3(SZKHQ
FRPSDUHG ZLWK +$3(U 3 VXJJHVWLQJ RI D VWURQJHU
YDVRFRQVWULFWLRQ SURFHVV LQ WKH SDWLHQWV  7ZR %035,,
SRO\PRUSKLVPVLQGLYLGXDOO\DQGDVKDSORW\SHDOVR WKHKLJKHU
















7KH GURPHGDU\ FDPHO &DPHOXV GURPHGDULXV VSHFLHV LV RI
JUHDW LPSRUWDQFH LQ *XOI 6WDWHV 7KH\ DUH ZLGHO\ XVHG IRU
PHDW PLON FRQVXPSWLRQ DQG UDFLQJ 7KH FDPHO LQGXVWU\ LQ
2PDQ DQG *&& LV PDWXUH DQG SURVSHURXV DQG LQ PDQ\
LQVWDQFHV SURYLGH JHQHURXV UHWXUQV WR RZQHUV IRU H[DPSOH




LQ H[SDQGLQJ FDPHO KHUGV LV WKH ORZ VXUYLYDELOLW\ RI VSHUP
SRVWFROOHFWLRQDQGFU\RSUHVHUYDWLRQOHDGLQJWRH[WUHPHO\ORZ
IHUWLOLW\ 6WXGLHV RYHU URXWLQHO\ XVHG FU\RSUHVHUYDWLRQ PHGLD
UHYHDOHG VRPH VSHUP DEQRUPDOLWLHV )RU H[DPSOH HJJ \RON
DQGPLONEDVHGH[WHQGHUVIUHTXHQWO\XVHGH[WHQGHUVLQVHPHQ
FU\RSUHVHUYDWLRQZHUHUHFHQWO\VKRZQWREHDVRXUFHRIVSHUP
GHIHFWV XSRQ WKDZLQJ &U\RFDSDFLWDWLRQ DQG LQFLGHQFH RI
FRQWDPLQDWLRQ EHFDXVH RI SURWHLQV RI DQLPDO RULJLQ DUH WKH
PDLQ VLGH HIIHFWV RI WKRVH H[WHQGHUV 7KH REMHFWLYHV RI WKLV
H[SHULPHQW LV WR RSWLPL]H FDPHO VHPHQ FU\RSUHVHUYDWLRQ
PHWKRG DQG LPSURYH VXUYLYDELOLW\ XVLQJ WZR QHZ H[WHQGHUV
ZKLFKFRQWDLQDQLPDOSURWHLQRULJLQVXEVWLWXHQWDQGWRXVHWKH
VXSHULRULW\RI HOHFWURQPLFURVFRS\ (0 WR DVVHVV WKHGHJUHH
RIDEQRUPDOLWLHVFDXVHGE\WUDGLWLRQDOO\SUDFWLFHGFDPHOVHPHQ
FU\RSUHVHUYDWLRQ PHWKRGV 6HPHQ VDPSOHV ZHUH FROOHFWHG
GXULQJWKHEUHHGLQJVHDVRQZLWKDQDUWLILFLDOYDJLQD$9WKHQ
KHDW WUHDWHG DQG OLTXHILHG HQ]\PDWLFDOO\ $IWHU WKDW VDPSOHV
ZHUH FU\RSUHVHUYHG LQ D GHILQHG PLON IDFWRU H[WHQGHU
,15$ ZLWKRXW DGGLQJ FU\RSURWHFWDQW DJHQW )RU SRVW
WKDZLQJ VSHUPTXDOLW\ DQDO\VLV IUR]HQ VWUDZV P/ZHUH
WKDZHGLQDZDWHUEDWKDW&DQG WKHQHPSWLHG LQWRD WXEH
'DWD ZHUH JHQHUDWHG E\ SODFLQJ P/ RQWR WKH SUHKHDWHG
& FRXQWLQJ FKDPEHU 6HPHQ ZDV HYDOXDWHG IRU NH\
IHUWLOL]DWLRQ WUDLWV VXFKDVPRWLOLW\SURJUHVVLYHYHORFLW\ WUDFN
VSHHGDQGVSHUPOLQHDULW\XVLQJWKH+DPLOWRQ7KRUQHVRIWZDUH
86$ 2QHP/ DOLTXRWV ZHUH SURFHVVHG IRU WUDQVPLVVLRQ DQG
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6WDQGDUG (0 SURWRFRO ZDV
RSWLPL]HG WR ILW FDPHO VHPHQ VSHFLPHQV:KLOH VDPSOHV IRU
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 ZHUH SULPDULO\ IL[HG
RYHUQLJKWLQNDUQRYVN\µVIL[DWLYHWZRKRXURQO\ZDVXVHGIRU
WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH 7(0 $IWHU SULPDU\
IL[DWLRQDQGEXIIHULQJVHFRQGDU\IL[DWLRQRIERWKZDVFDUULHG
ZLWK  RVPLXP WHWUR[LGH IRU  KRXUV &KHPLFDO
+H[DPHWK\OGLVLOD]DQH GU\LQJZDV XVHG IRU 6(0 LQVWHDG RI
FULWLFDO SRLQW GU\LQJ 2XU UHVXOWV ZLWK 7(0 LQGLFDWHV VHYHUH
DFURVRPHGHVWUXFWLRQPHPEUDQHDEQRUPDOLWLHVPLWRFKRQGULDO
VKHDWKH GLVUXSWLRQ D[RQHPDO DOWHUDWLRQV KHDGPLG SLHFH
EUHDNDJHSRO\WDLOVDQGVRPHRWKHUW\SHVRIWDLODEQRUPDOLWLHV
6(0 UHVXOWV VKRZHG RWKHU W\SHV RI GHIHFWV VXFK DV NQREEHG
KHDGWDLOFOXPSVFUDFNHGWDLOVDQGKHDGPLGSLHFHFRQQHFWLRQ
KHDGVIUHHRIWDLOV2XUILQGLQJVDUHKLJKO\FRUUHODWHGZLWKWKH















FDVH RI 3URWHXV 6\QGURPH )DWKHU DQG PRWKHU DUH FRXVLQV
7KHUHLVQRWIDPLO\KLVWRU\RIVLPLODUFRQGLWLRQ,WVWDUWHGVLQFH
ELUWK KDYLQJ ULJKW KHPLK\SHUWURSK\ 7KH FKLOG ZDV ERUQ
KDYLQJ GDUN GLVFRORUDWLRQ RI WKH VNLQ WKDW LV VFDWWHUHG
WKURXJKRXWWKHERG\H[FHSWWKHIDFHDQGIURQWRIOHIWWUXQNDQG




LQWHUPLWWHQW FRXUVH DV ZKHQ WKH\ DSSHDU WKH\ VWDUW WR JURZ
JUDGXDOO\XQWLO WKH\ UHDFK WRYDULDEOH VL]HQRW H[FHHGLQJ 
FPOHQJWKLQWRFPZLGWKDQGWKHQWKH\UHJUHVVXQWLO WKH\
GLVDSSHDULQYDULDEOHGXUDWLRQWKDWFDQEHHVWLPDWHGLQDUDQJH
RI  PRQWKV  7KH VZHOOLQJV DUH ILUP QRW WHQGHU DQG QRW
DWWDFKHG WR WKH VNLQ 7KH ILQJHUV RI WKH ULJKW IRRW DUH ELJJHU
WKDQLQWKHOHIWVLGHWKHVHFRQGILQJHULVDOPRVWGRXEOHLQVL]H
DQG ZLGWK WKDQ WKH RWKHU ILQJHUV 7KHUH LV SUHVHQFH RI D
VXEFXWDQHRXV PDVV [ FP LQ WKH ULJKW K\FKRQGULXP WKDW
DSSHDU  \HDU DJR DQG JUHZ IRU WKUHH PRQWKV 3URWHXV
6\QGURPH LV D GLVRUGHU RI PRVDLF SRVWQDWDO RYHUJURZWK RI
XQNQRZQ HWLRORJ\ ,W JHQHUDOO\ EHJLQV LQ LQIDQF\ DQG FDQ
LQYROYH DQ\ WLVVXH RI WKH ERG\ &RPPRQO\ LQYROYHG WLVVXHV
LQFOXGH FRQQHFWLYH WLVVXH DQG ERQHV VNLQ FHQWUDO QHUYRXV
V\VWHP DQG WKH H\HV 'LDJQRVLQJ RI 36 LV GLIILFXOW DQG WKH
GLDJQRVWLFFULWHULD DUH FRQWURYHUVLDO7KHRYHUJURZWKRI36 LV
SURJUHVVLYH DQG FDQ EH GLIILFXOW WR PDQDJH 7KH SURJUHVVLYH
RYHUJURZWKPRVWFRPPRQO\FDXVHVVHYHUHFRPSOLFDWLRQV7KH
PDQLIHVWDWLRQVDUH W\SLFDOO\DV\PPHWULFDQG WKH ORFDWLRQRI LW
YDULHV UHPDUNDEO\ DPRQJ WKH SDWLHQWV 6RPH SDWLHQWV KDYH
OLPLWHGH[WHQWRIWKHPDQLIHVWDWLRQVZKLFKFDQPDNHGLDJQRVLV
GLIILFXOW  %RQH FRQQHFWLYH WLVVXH DQG IDW DUH WKH PRVW
FRPPRQO\ LQYROYHG WLVVXHV (IIHFWLYH PDQDJHPHQW UHTXLUHV
NQRZOHGJH RI WKH ZLGH DUUD\ RI PDQLIHVWDWLRQV DQG
FRPSOLFDWLRQV RI WKH GLVRUGHU DQG D WHDP DSSURDFK WKDW
LQFOXGHV WKH JHQHWLFLVW SHGLDWULFLDQ JHQHUDO VXUJHRQV
RUWKRSHGLF VXUJHRQV GHUPDWRORJLVW DQG RWKHUV +DSSOH LQ
 VXJJHVWHG WKDW 36 ZDV FDXVHG E\ D VRPDWLF PXWDWLRQ
DQG WKH WLVVXHV GHULYHG IURP WKDW FORQH PDQLIHVWHG WKH
V\PSWRPVRI36DQGWKDWWKHPXWDWLRQLVOHWKDOLQQRQPRVDLF
VWDWH7KLVZRXOG H[SODLQ WKH ODFN RI UHFXUUHQFH LQ VLEV RU LQ
RIIVSULQJ RI DIIHFWHG SDWLHQWV WKH H[LVWHQFH RI GLVFRUGDQW
PRQR]\JRWLF WZLQV DQG WKH DEVHQFH RI GLIIXVHO\ DIIHFWHG
SDWLHQWV 2Q WKH EDVLV RI WKLV PRGHO DQG FOLQLFDO H[SHULHQFH
SDUHQWVRIWKHSDWLHQWVKDYHDYHU\ORZUHFXUUHQFHULVNIRUWKLV


















SURYLGHG D XQLTXH RSSRUWXQLW\ WR H[SORUH WKH UHODWLRQVKLSV
EHWZHHQ HPRWLRQDO EHKDYLRU LWV QHXURQDO FRUUHODWHV DQG WKHLU
JHQHWLF XQGHUSLQQLQJV ,W KDG EHHQ VKRZQ WKDW GHILQHG
GLPHQVLRQVRIHPRWLRQDOFRPSHWHQFLHVHJHPSDWK\HPRWLRQ
UHJXODWLRQ DUH LQIOXHQFHG E\ HQYLURQPHQWDO IDFWRUV VXFK DV
VWUHVV DV ZHOO DV E\ JHQHWLF IDFWRUV +RZHYHU FRPSOH[
SRO\JHQHWLF KHUHGLWDU\ WUDQVPLVVLRQV FRGLQJ IRU WKHVH
KHWHURJHQHRXV FOLQLFDOO\ GHILQHG SKHQRW\SHV PD\ EH EHWWHU
LGHQWLILHG XVLQJ HQGRSKHQRW\SH RU ZKROHJHQRPHZLGH
DVVRFLDWLRQ DSSURDFKHV 7KLV UHYLHZLQJ WDON ZLOO IRFXV RQ
UHFHQW ILQGLQJV LQYHVWLJDWLQJ WKH LQWHUDFWLRQ EHWZHHQ WKH












/,0 0LQHUDOL]DWLRQ 3URWHLQ /03 LV DQ LQWUDFHOOXODU
RVWHRLQGXFWLYH SURWHLQ WKDW UHFHQWO\ ZDV IRXQG WR KDYH DQWL
LQIODPPDWRU\ SURSHUWLHV :H KDYH UHSRUWHG WKDW /03
VXSSUHVVHV 1)Ƹ% DFWLYDWLRQ LQ WKH PXULQH PDFURSKDJH
SUHRVWHRFODVWFHOOOLQH5$:7KHDLPRIWKLVVWXG\LVWR
LQYHVWLJDWH WKH DQWLLQIODPPDWRU\ HIIHFW RI /03 LQ KXPDQ
PRQRF\WH 7+3 FHOOV ,Q UHVSRQVH WR LQIODPPDWRU\ VLJQDOV
7+3 FHOOV GLIIHUHQWLDWH IURP PRQRF\WHV WR IXQFWLRQDO
PDFURSKDJHV,QIODPPDWRU\VLJQDOVLQLWLDWHGE\OLJDQGELQGLQJ
WR 7ROOOLNH UHFHSWRUV 7/5V RU F\WRNLQH UHFHSWRUV 71)Į
,/ȕOHDGWR1)Ƹ%SDWKZD\DFWLYDWLRQDQGFRQVHTXHQWUHOHDVH
RI LQIODPPDWRU\ PHGLDWRUV 7+3 FHOOV ZHUH VHHGHG DW
; LQ 7 IODVNV DQG LQFXEDWHG RYHUQLJKW LQ 530,
PHGLXPFRQWDLQLQJ)%6&HOOVZHUHWUDQVIHFWHGIRUKUV
ZLWK D 1)Ƹ% OXFLIHUDVH UHSRUWHU FRQVWUXFW WUHDWHG ZLWK
7$7/03RUQ0IRUPLQDQGWKHQLQFXEDWHGIRU
 K ZLWK 71)Į XJPO 7$7/03 WUHDWPHQW RI 7+3
FHOOV GLG QRW DIIHFW WKHLU YLDELOLW\ &RQGLWLRQHG PHGLD &0
ZHUH FROOHFWHG DQG XVHG WR DVVHVV F\WRNLQH SURGXFWLRQ E\
(/,6$ &HOOXODU O\VDWHV ZHUH KDUYHVWHG WR GHWHUPLQH 1)Ƹ%
DFWLYLW\ E\ GXDO OXFLIHUDVH DVVD\  :H IRXQG WKDW  1)Ƹ%
OXFLIHUDVHDFWLYLW\ZDVUHGXFHGE\LQUHVSRQVHWR/03
SUHWUHDWPHQW  WKH VXSSUHVVLRQ RI 1)Ƹ% UHVXOWHG LQ D
VLJQLILFDQWUHGXFWLRQRISURLQIODPPDWRU\F\WRNLQH,/ȕ,/
 ,1)Ȗ DQG 71)Į UHOHDVH FRPSDUHG WR FRQWUROV /03
H[HUWHG LWV VXSSUHVVLYH HIIHFW LQ D GRVH GHSHQGHQW PDQQHU
6LPLODU UHVXOWV ZHUH REWDLQHG ZKHQ 7+3 FHOOV ZHUH
VWLPXODWHG ZLWK 7/5 OLJDQGV/36 RU 3DPVF. RU RWKHU
UHFRPELQDQW F\WRNLQHV VXFK DV ,/ȕ VXJJHVWLQJ WKDW WKH
LQKLELWRU\ DFWLYLW\ RI /03 RQ WKH 1)Ƹ% SDWKZD\ LV
LQGHSHQGHQW RI VSHFLILF OLJDQGUHFHSWRU LQWHUDFWLRQ :H
K\SRWKHVL]HWKDWWKHVXSSUHVVLYHHIIHFWRI/03LVH[HUWHGRQ
F\WRVROLF WDUJHWV XSVWUHDP RI WKH 1)Ƹ% FRPSOH[ )XUWKHU
260 HUGO J (2011) 5:1–346
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VWXGLHV WR LGHQWLI\ WKH H[DFW WDUJHW PROHFXOHV DQG WKH
PHFKDQLVWLF DFWLRQ RI /03 DUH XQGHU LQYHVWLJDWLRQ ,Q
FRQFOXVLRQ ZH VKRZ WKDW /03 SRVVHVVHV D SRWHQW DQWL

















RI PRGHUQ HQGRFULQRORJ\ &XUUHQW HYLGHQFH VXJJHVWV WKDW
VXVFHSWLELOLW\ WR $,7' LV OLNHO\ WR EH LQIOXHQFHG E\ WKH
FRPELQHG HIIHFWV RI VHYHUDO JHQHV DQG WKHLU LQWHUDFWLRQVZLWK
HQYLURQPHQWDO IDFWRUV ,W
VNQRZQD OLVWRISRWHQWLDOFDQGLGDWH
JHQHV DUH DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI $,7' WKDW
LQFOXGHV &7/$ DQG 3731 DOVR JHQHV RI SUR 71)Į
,/ȕ ,/ DQG DQWLLQIODPPDWRU\ ,/ F\WRNLQHV :H
DQDO\]HGWKHDVVRFLDWLRQRISRO\PRUSKLFORFL$*&7
DQG$* RI &7/$ &7 RI 3731$* RI
71)Į  &7 RI ,/ȕ*& RI ,/ DQG &7 RI
,/ ZLWK WKH ULVN RI $,7' LQ WKH IHPDOH SRSXODWLRQ RI WKH
5HSXEOLF RI 7DWDUVWDQ 57  ZRPHQ ZLWK $,7' WKH
FRQWUROJURXSLQFOXGHGZRPHQZLWKRXWWK\URLGSDWKRORJ\
'1$ VDPSOHV ZHUH REWDLQHG IURP ZKROH EORRG E\ SKHQRO
FKORURIRUP H[WUDFWLRQ $QDO\VLV RI SRO\PRUSKLVPV RI JHQHV
FDUULHGE\6633&5'DWDZHUHDQDO\]HGXVLQJ813+$6('





ZHOO DV WKH JHQRW\SH $* DQG DOOHOH * RI SRO\PRUSKLVP
$* 25  &,   &, DQG 
UHVSHFWLYHO\ 7KH GLVWULEXWLRQ RI IUHTXHQFLHV RI
FRPELQDWLRQV RI JHQRW\SHV IRU WKH WKUHH SRO\PRUSKLF ORFL RI
&7/$JHQHVKRZHGWKDWWKHPD[LPXPULVNRFFXUVZKHQWKH
SUHVHQFH RI KHWHUR]\JRXV JHQRW\SHV RI WKH SURPRWHU UHJLRQ
DQGKRPR]\JRXVIRUWKHSRO\PRUSKLFDOOHOH*RIWKHH[RQVRI
WKH JHQH 25  &,  DQG WKH FRPELQDWLRQ RI




JHQRW\SH ** IRU SRO\PRUSKLVP$* RI &7/$ ZLWK
K\SRWK\URLGLVP DQG LQFUHDVHG 7 DOOHOH RI SRO\PRUSKLVP
&7 LQ SDWLHQWV ZLWK K\SHUWK\URLGLVP DQ LQFUHDVLQJ RI
JHQRW\SHV ** DQG $* RI SRO\PRUSKLF ORFL $* DQG
$*&7/$JHQH LQ LQGLYLGXDOVZLWK HOHYDWHG OHYHOV RI
DQWLERGLHVWR732DQGWR7J,W
VVKRZQDOOHOH*25&,
 JHQRW\SHV ** 25  &,  DQG
$*25&,IRUSRO\PRUSKLFORFXV$*RI
71)Į DUH PDUNHUV RI JHQHWLF SUHGLVSRVLWLRQ WR $,7' ZLWK
PRGHUDWH DFWLYLW\ RI DXWRLPPXQH SURFHVV 7KH IUHTXHQF\ RI
DOOHOH$ LV VLJQLILFDQWO\ LQFUHDVHG LQ KHDOWK\ LQGLYLGXDOV 25
 &,  3  7KH SRO\PRUSKLF DOOHOH & 25
 &,  DQG WKH && JHQRW\SH 25  &,
 RI &7 RI ,/ȕ DUH DVVRFLDWHG ZLWK $,7'
K\SHUWURSKLF IRUPVRI ILUVWGHJUHHDQGZLWKPRGHUDWHDFWLYLW\
RI DXWRLPPXQH SURFHVV &DUULHUV RI 7 DOOHOH 25  &,
DQG77JHQRW\SH25&,ZHUH
VLJQLILFDQWO\ PRUH FRPPRQ LQ KHDOWK\ 5XVVLDQ ZRPHQ &
DOOHOH 25  &,  DQG WKH && JHQRW\SH 25
 &,  RI SRO\PRUSKLVP &7 RI ,/ DUH
















/HIW 9HQWULFXODU +\SHUWURSK\ /9+ LV DQ LQGHSHQGHQW ULVN
IDFWRU IRU WKH GHYHORSPHQW RI FOLQLFDO HYHQWV VXFK DV KHDUW
IDLOXUH FDUGLDF DUUK\WKPLDV VWURNH DQG FDUGLRYDVFXODU
PRUWDOLW\:KLOVW LQLWLDOO\/9+LVDSK\VLRORJLFDO UHVSRQVH WR
KHPRG\QDPLF DQGRU ELRPHFKDQLFDO VWUHVV LQ K\SHUWHQVLRQ
ZLWK FDUGLDF UHPRGHOLQJ LW FRPSURPLVHV WKH SURJQRVLV RI
WKHVH SDWLHQWV /9+ FDQ EH UHYHUVHG ZLWK VRPH DQWL
K\SHUWHQVLYHDJHQWV/RVDUWDQDQDQJLRWHQVLQUHFHSWRUEORFNHU
KDVWKLVDELOLW\DQGLVDVVRFLDWHGZLWKFOLQLFDOEHQHILW$OWKRXJK
ORVDUWDQDFWVRQ WKH UHQDODQJLRWHQVLQ V\VWHP5$6 ILQGLQJV
RQ JHQHWLF DVVRFLDWLRQ VWXGLHV RI WKH 5$6 UHODWHG FDQGLGDWH
JHQHV UHPDLQHG LQFRQFOXVLYH $Q RQJRLQJ VWXG\ DWWHPSWV WR
PDS WKH JHQHWLF IDFWRU FRQWULEXWHV WR WKH SDWKRSK\VLRORJ\ RI
/9+ ,Q WKLV SDSHU ZH UHSRUW WKH DOOHOH DQG KDSORW\SH
IUHTXHQFLHV RI WZR PDMRU JHQHV RI 5$6 QDPHO\ $*7 DQG
$*75LQK\SHUWHQVLYH/9+SDWLHQWVLQ0DOD\VLDVXEMHFWV
ZHUH UHFUXLWHG IURP D ODUJH RQJRLQJ HSLGHPLRORJ\ VWXG\
FRQGXFWHG LQ0DOD\VLD&RPSUHKHQVLYH FOLQLFDO GDWD RI WKHVH
SDUWLFLSDQWV ZHUH REWDLQHG DQG DQ HFKRFDUGLRJUDSKLF




GHYHORS /9+ DFWHG DV FRQWUROV 7KH VWXG\ZDV DSSURYHG E\
WKH LQVWLWXWLRQDO HWKLFV FRPPLWWHH $OO VXEMHFWV SURYLGHG WKH
LQIRUPHGDQGZULWWHQFRQVHQWWRWKHVWXG\*HQRPLF'1$ZDV
H[WUDFWHG DQG VXEMHFWHG WR ,OOXPLQD : 613V DUUD\
JHQRW\SLQJ  613V IURP WKH JHQHV $*7  613V DQG
$*75613VZHUH LVRODWHG IURP WKHZKROHJHQRPHGDWD
REWDLQHG $OOHOH JHQRW\SH DQG KDSORW\SH IUHTXHQFLHV ZHUH
FDOFXODWHG$OOHOLFDQGKDSORW\SHSYDOXHVZDUHFDOFXODWHGE\
)LVKHUµV H[DFW WHVW DQG ULVN DVVRFLDWLRQ ZDV HVWLPDWHG )RXU
613V QDPHO\ UV UV UV
UVZHUHPRQRPRUSKLF DFURVV DOO VXEMHFWV JHQRW\SHG
UV ZDV UHSRUWHG DV SRO\PRUSKLF LQ &KLQHVH %HLMLQJ
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VDPSOHV IURP +DS0DS 0$)  ZKLOH WKH UHPDLQLQJ
WKUHH ZHUH SRSXODWLRQ VSHFLILF 613V FRQVLVWHQW ZLWK WKH
IUHTXHQFLHV IURP SXEOLF GDWDEDVH GE613 0LQRU DOOHOH







WKLFNQHVV  0LQLPXP 3 YDOXHV REVHUYHG ZHUH  613
UV UVJHQRW\SH$$ KDSORW\SH
7777$&$$$7 UHVSHFWLYHO\ 7KLV SUHOLPLQDU\ ILQGLQJ JDYH
XV DQ HDUO\ LQGLFDWLRQ WKDW WKH HIIHFW RI WKH UHQDO DQJLRWHQVLQ
V\VWHP 5$6 WR WKH GHYHORSPHQW RI /9+PD\ EH LQGLUHFW
+RZHYHU WKH LQLWLDO ILQGLQJ PD\ EH DIIHFWHG E\ WKH VPDOO
QXPEHU RI VDPSOHV *HQRPHZLGH DQDO\VLV LV FXUUHQWO\
















7KLV VWXG\ ZDV FRQGXFWHG WR HYDOXDWH WKH HIIHFW RI JHQHWLF
YDULDQWV RI &&5 FKHPRNLQ UHFHSWRUV LQ WKH SDWKRJHQHVLV RI
RUDO VTXDPRXV FHOO FDUFLQRPD  $ WRWDO RI  SDWLHQWV 
PDOHIHPDOHEHWZHHQ\HDUVROGZLWKWKHGLDJQRVLV
RIRUDOVTXDPRXVFHOOFDUFLQRPDZKRZHUHIROORZHGXSLQWKH
'HSDUWPHQWRI2UDO'LVHDVHVZHUH LQFOXGHG LQ WKHVWXG\7KH
FRQWURO JURXS ZDV FRPSRVHG RI  KHDOWK\ LQGLYLGXDOV 
PDOH   IHPDOH EHWZHHQ  \HDUV ROG UHTXLULQJ GHQWDO
WUHDWPHQW7KHFRQWUROJURXSKDGQRKLVWRU\RIFDQFHU&&5
DQG&&5GHOWDJHQHVSRO\PRUSKLVPZHUHDVVHVVHG
ZLWK 3&5 PHWKRG LQ WKH SHULSKHUDO EORRG VDPSOHV RI ERWK
JURXSV  )RU DOO VWDWLVWLFDO WHVWV WKH VWDQGDUG 6366  IRU
ZLQGRZV ZDV XVHG )RU GHWHUPLQDWLRQ RI WKH JHQRW\SH DQG
DOOHOHIUHTXHQF\GLIIHUHQFHEHWZHHQWKHJURXSVFKLVTXDUHDQG
)LVKHUµV WHVW ZHUH XVHG )RU WKH FRPSDULVRQ RI GHPRJUDSKLF
IHDWXUHVEHWZHHQWKHJURXSVVWXGHQW W WHVWVDQG$QQRYDZHUH
XVHG 0DOH SUHYDOHQFH ODFN RI RUDO K\JLHQH DOFRKRO LQWDNH
DQG VPRNLQJZHUH VWDWLVWLFDOO\ KLJKHU LQ VWXG\ JURXS WKDQ LQ
FRQWURO JURXS &&5  JHQRW\SH DQG DOOHOH SUHYDOHQFH
ZHUH VWDWLVWLFDOO\ KLJKHU LQ VWXG\ JURXS$$JHQRW\SH DQG$
DOOHOHZHUHKLJKHULQFRQWUROJURXSZKHUH**JHQRW\SHDQG*
DOOHOHIUHTXHQF\ZHUHKLJKHULQVWXG\JURXS&&5**
JHQRW\SHZDV IRXQG VWDWLVWLFDOO\ KLJKHU LQ WKH ODWHU VWDJHV RI
FDQFHU 3  7KH SUREDELOLW\ WKDW WKH WXPRU GLDPHWHU LV
JUHDWHU WKDQ  FP LQFUHDVHG  WLPHV LQ SDWLHQWV ZLWK **
JHQRW\SH 3 DQG  WLPHV LQ SDWLHQWV ZLWK * DOOHOH
**$*JHQRW\SHV3.HUDWLQL]DWLRQSUHVHQFHZDV
 WLPHV PRUH LQ SDWLHQWV ZLWK &&5  * DOOHOH 3
  +RZHYHU SDWLHQWV ZLWK $$ JHQRW\SHV GHPRQVWUDWHG
 WLPHV PRUH GHIHQVH DJDLQVW NHUDWLQL]DWLRQ 3 
7KHUHZDVQRVWDWLVWLFDOO\GLIIHUHQFHLQWKHSUHYDOHQFHRI&&5
 GHOWD  JHQRW\SH EHWZHHQ WKH JURXSV &&5GHOWD  ,,
JHQRW\SH ZDV VWDWLVWLFDOO\ KLJKHU LQ SDWLHQWV ZLWK KLVWRU\ RI
FDQFHULQWKHIDPLOLHV3)XUWKHUPRUH&&5GHOWD
'DOOHOHZDVVWDWLVWLFDOO\KLJKHULQWKHODWHUVWDJHVRIFDQFHU3

















GHYHORSLQJ FRXQWULHV DQG WKH UROH WKH\ KDYH WR SOD\ DVZDV
GRQH IRU WKH 6RXWK $PHULFDQV LQ DPHOLRUDWLQJ D IUDFWLRQDO
LPEDODQFH ZKLOH DOVR DLPLQJ DW KDUQHVVLQJ JOREDO JHQRPLFV
+RZHYHU LQ UHFRJQL]LQJ WKH SRWHQWLDO RI JHQRPLFV LQ
LPSURYLQJ KHDOWK WKH XQSUHFHGHQWHG DGYDQFHV LQ WKH VFLHQFH
RI JHQRPLFV DQG LWV DFWLRQV SOXV LWV ZLGHO\ SUHGLFWHG
UHYROXWLRQDU\SUHYDULFDWLRQ±DVZHORRNDWWKHVHUHDOLWLHVKRZ
WKHQFDQZHSUHVHQWDQGDSSO\WKLVVFLHQWLILFNQRZOHGJHWRRXU
JOREDO ZRUOG" $OVR ZKLOH SURIIHULQJ VROXWLRQV LQ VRPH
JHQRPLF SUREOHP GRPDLQ YLD FXOPLQDWLQJ D SRVLWLYH
HYROYHPHQWRIKXPDQJHQRPHZKHUHGRGHYHORSLQJFRXQWULHV
IRU H[DPSOH 1LJHULD VWDQG LQ WKLV UHYROXWLRQDU\
HPDQFLSDWLRQ"$VZHPXOO RYHU WKLV WKRXJKW WKH TXHVWLRQ RI
JHRJUDSKLFDOQHJOLJHQFH WURXEOHV WKHPLQGDQGTXDNHVRQH WR
YRPLWWUXWK2IQRGRXEWWKHVXSSO\RIJHQRPLFWRROVDQGGDWD
DUH YLWDO WR XQGHUVWDQGLQJ DQG WDFNOLQJ LQIHFWLRXV GLVHDVHV LQ
GHYHORSLQJ FRXQWULHV %XW RIWHQ ZH UHFHLYH UHSRUWV RI DQ
LQILGHOLW\LQWKHVXSSO\RIJHQRPLFDSSDUDWXVWRWKHVHUHJLRQV
6FLHQWLVWV LQ WKHVH FRXQWULHV RIWHQ ODFN WKH HTXLSPHQWV DQG
UHVRXUFHVWRXQGHUWDNHDVXEVWDQWLDOUHVHDUFKLQJHQRPLFV$QG
WKLV LV ZKHUH WKLV SDSHU KRSHV WR FRPHLQ DV VXFFRU 7KH
UHVHDUFKHUKRSHV WR VXJJHVW DIIDEOH VROXWLRQV WR WKLVSUREOHP




H[SHFWHG FRQWULEXWLRQV RI WKHVH GHYHORSLQJ FRXQWULHV LQ
DGYDQFLQJ WKH VFLHQFH RI JHQRPLFV"  6LQFH WKH XQGHU
GHYHORSHG FRXQWULHV KDYH RYHU WKH \HDUV ODFNHG WUDLQHG DQG
TXDOLILHG ELRHWKLFLVWV VFLHQWLVWV JHQHWLFLVWV DQG VXIILFLHQW




DUH VWXGHQWV RI WKHVH GHYHORSLQJ FRXQWULHV OLNH 1LJHULD QRW
HPEUDFLQJWKLVFRQFUHWHGLVFLSOLQH"+RZFDQZHFRPHLQDV
,QGLYLGXDOV5HVHDUFKERGLHV6FKRODUV%LRHWKLFLVWV6FLHQWLVWV
5HVHDUFKHUV0HGLFDO 3UDFWLWLRQHUV DQG*HQHWLFLVWV WRZRUN
RXWWKLVSUREOHPRISDULW\WRJLYHVFLHQWLVPKRSHDQGUHNLQGOH
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WKH MR\ RIPDQ\ LQ WKHVH XQGHUGHYHORSHG QDWLRQVZKHUH WKH
GLVFLSOLQHRIJHQRPLFVKDVEHHQFRQGRQHGIRUKROORZUHDVRQV"




UHDGHUVJUDSSOH WKH UHOHYDQFHDQG LPSOLFDWLRQRI WKLVFUXFLEOH
VWXG\DVZHFRQVLGHUWKHLQHIIDEOHFKDOOHQJHVDQGRSSRUWXQLWLHV















0RVW RI WKH JHQRW\SLQJ PHWKRGV WLOO QRZ DUH GHSHQGHQW RQ
SRO\PHUDVHFKDLQUHDFWLRQ3&55DWLRQDOGHVLJQLQJRISULPHU
LV RQH RI WKH NH\ LVVXHV IRU D VXFFHVVIXO 3&5 DQG WKXV WKH
VHTXHQFLQJ DQG JHQRW\SLQJ PHWKRG +HUH WKH HIIHFWV RI
PLVPDWFK SULPHUV RQ WKH DFFXUDF\ RI JHQRW\SLQJ ZHUH
H[SORUHG  $ ODUJHVFDOH PLVJHQRW\SLQJ ZDV REVHUYHG ZKHQ
KHWHUR]\JRWHV DW 1$7 VLQJOH QXFOHRWLGH SRO\PRUSKLVPV
613V UV DQG UV GHWHUPLQHG E\ 7DT0DQ
PHWKRG ZHUH FURVVYDOLGDWHG E\ VHTXHQFLQJ PHWKRG XVLQJ D
SULPHU KDYLQJ DQ XQLQWHQWLRQDO VLQJOH QXFOHRWLGH PLVPDWFK
7KH VDPH SULPHU ZLWKRXW PLVPDWFK FDQ GHWHUPLQH
KHWHUR]\JRXV JHQRW\SH FRUUHFWO\+LJKHVW  DQG ORZHVW
PLVJHQRW\SLQJZHUHREVHUYHGZKHQWKHPLVPDWFKZDVDW
WKH UG DQG WK QXFOHRWLGH SRVLWLRQV IURP 
 HQG RI WKH
SULPHU UHVSHFWLYHO\ 7KLV LQGLFDWHV D UHODWLRQVKLS EHWZHHQ
SRVLWLRQ RI WKH PLVPDWFK DQG IUHTXHQF\ RI PLVJHQRW\SLQJ




WKDW D VLQJOH QXFOHRWLGH PLVPDWFK ZLWKLQ D SULPHU DPSOLILHV
SUHIHUDEO\ RQH RI WKH WZR DOOHOHV RI KHWHUR]\JRWH LQ WKH3&5
SURGXFW DQG WKXVKRPR]\JRWH LVREVHUYHG LQ WKH VHTXHQFLQJ
FKURPDWRJUDP 7KHUHIRUH DORQJ ZLWK WKH RWKHU 3&5
SDUDPHWHUVSHUIHFWPDWFKLQJRISULPHUZLWKWHPSODWHVWUDQGLV
DNH\LVVXHWRJHWFRUUHFWJHQRW\SH6RLWLVVXJJHVWHGWRGHVLJQ
WKH SULPHU IURP WKH WHPSODWH VHTXHQFH ZKHUH 613V LVDUH
DEVHQW 7KH LPSRUWDQFH RI WKH ZRUN OLHV RQ WKH IDFW WKDW
PLVPDWFK SULPHU LQGXFHG PLVJHQRW\SLQJ PD\ OHDG WKH
LQYHVWLJDWRUVWRUHSRUWIDXOW\DOOHOHRUJHQRW\SHIUHTXHQF\7KLV
UHVXOW DOVR FDXWLRQV WKH UHVHDUFKHUV IURP XVLQJ PLVPDWFK














6HYHUDO UHSRUWVKDYHQRWHGHSLGHPLRORJLFDOGLIIHUHQFHV LQ WKH
SUHYDOHQFH RU SURJQRVWLF VLJQLILFDQFH RI S PXWDQWV ZLWK
DUJLQLQH 5 RU DW WKH FRGRQ  SRO\PRUSKLVP 53 LQ
FHUWDLQ FDQFHU W\SHV EXW IHZ VWXGLHV KDYH H[DPLQHG WKH
SURJQRVWLF YDOXH RI WKH FRGRQ  SRO\PRUSKLVP RI WKH S
JHQH LQ%UHDVW FDQFHUSDWLHQWV7KHUHIRUH WKLV VWXG\DVVHVVHG
WKHSURJQRVWLFYDOXHRISUROLQHSUROLQHSKHQRW\SHRIFRGRQ
S LQ %UHDVW FDQFHU SDWLHQWV $LPV DQG REMHFWLYHV 7R
VWDQGDUGL]HDUDSLGPXWDWLRQVSHFLILFDVVD\IRUWKHGHWHFWLRQRI
S FRGRQ  SRO\PRUSKLVP LQ %UHDVW FDQFHU SDWLHQWV DQG
FRQWUROV7RVWXG\WKHIUHTXHQF\RI7353*!&LQ
$UJ$UJ 3UR3UR DQG $UJ3UR SKHQRW\SHV LQ %UHDVW FDQFHU
SDWLHQWVDQGFRQWUROV7RVWXG\WKHGLVWULEXWLRQRI7353
*!& RU  $UJ$UJ 3UR3UR DQG $UJ3UR SKHQRW\SHV LQ
%UHDVWFDQFHUSDWLHQWVZLWKUHVSHFWWRFOLQLFDOVWDJHVHVWURJHQ
SURJHVWHURQH UHFHSWRU VWDWXV PHQRSDXVDO VWDWXV DQG HUE%
H[SUHVVLRQ$FDVHFRQWUROVWXG\ZDVFRQGXFWHGZLWKEUHDVW
FDQFHU SDWLHQWV LQFOXGLQJ ZRPHQZLWK UHSURGXFWLYH JURXS
DQGSRVWPHQRSDXVDOZRPHQDQGUDQJHG LQDJHIURPWR
 \HDUV DQG  KHDOWK\ FRQWUROV 7KH JHQRW\SLQJ RI '1$
VDPSOHV IURP WKH GLIIHUHQW SDWLHQW VHULHV DQG SRSXODWLRQ
FRQWUROV ZDV GRQH XVLQJ $623&5 7KH JURXS LQFOXGHG
S$UJ3URSRO\PRUSKLVPZDVH[DPLQHGLQWKHLUDVVRFLDWLRQ
ZLWKEUHDVWFDQFHUULVN5HVXOWV:HLQYHVWLJDWHGWKHHIIHFWVRI
WKH JHUPOLQH VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 73 53
*!& ZKLFK RFFXUV DW FRGRQ  RI H[RQ  ZLWK WZR
DOOHOHV HQFRGLQJ HLWKHU DUJLQLQH &*& RU SUROLQH &&& RQ
EUHDVW FDQFHU VXVFHSWLELOLW\ 7KH GLVWULEXWLRQ RI $UJ$UJ
3UR3URDQG$UJ3URSKHQRW\SHVLQ%UHDVWFDQFHUSDWLHQWVDQG
FRQWUROV ZDV    DQG   
UHVSHFWLYHO\ 3UR3UR KRPR]\JRWHV ZHUH IRXQG PRUH
IUHTXHQWO\ LQ DGYDQFHG VWDJH  WKDQ WKH HDUO\ VWDJHV
 7KH GLVWULEXWLRQ RI LQLWLDO FOLQLFDO VWDJH WXPRU VL]H
HVWURJHQUHFHSWRURUSURJHVWHURQHUHFHSWRUVWDWXVPHQRSDXVDO
VWDWXV RU HUE% H[SUHVVLRQ ZDV DOVR VWXGLHG DPRQJ WKH
GLIIHUHQW SRO\PRUSKLF YDULDQWV 7KH VLJQLILFDQWO\ KLJKHU
IUHTXHQFLHV RI SURSUR KRPR]\JRWHV ZHUH IRXQG LQ (UE
SRVLWLYH FDVH  WKDQ WKH QHJDWLYH FDVHV 7KH
VLJQLILFDQWO\KLJKHU IUHTXHQFLHVRISURSURKRPR]\JRWHVZHUH
UHSRUWHG LQ(535YHFDVHV  WKDQ WKH(535QHJDWLYH
SDWLHQWV  &RPSDULQJ WKH IUHTXHQFLHV RI SURSUR
KRPR]\JRWHV ZLWK UHVSHFW WR DJH WKH VLJQLILFDQWO\ KLJKHU
IUHTXHQFLHVSURSURKRPR]\JRWHVZHUHUHSRUWHGLQPHQRSDXVDO
JURXS  WKDQ WKH \RXQJHU JURXS  )XUWKHUPRUH LQ
PXOWLYDULDWH DQDO\VLV S FRGRQ  SRO\PRUSKLVPZDV IRXQG
WREHDVWURQJSUHGLFWRURISDWKRORJLFUHVSRQVHRGGVUDWLR
 FRQILGHQFH LQWHUYDO  3   7KH KLJKHU
IUHTXHQF\RI WKH3UR3URSKHQRW\SHRIS LVDVVRFLDWHGZLWK
DQ LQFUHDVHG LQFLGHQFH RI DGYDQFHG VWDJH (535 YH
PHQRSDXVDO JURXS DQG(UE SRVLWLYH FDVHV LQ ,QGLDQ SDWLHQWV
ZLWK EUHDVW FDQFHU  7KHVH UHVXOWV VXJJHVW D VLJQLILFDQWO\
UHGXFHG VXUYLYDO IRU 3 KRPR]\JRXV EUHDVW FDQFHU SDWLHQWV














6FLHQWLVWV UHJXODWRUV DQG WKH SXEOLF DOO GHVLUH HIILFLHQW DQG
DFFXUDWH DSSURDFKHV WR DVVHVV WKH WR[LFRORJLF HIIHFWV RI
FKHPLFDOSK\VLFDODQGELRORJLFDJHQWVRQOLYLQJV\VWHPV<HW
QR VLQJOH DSSURDFK H[LVWV WR DQDO\]H WR[LFRORJLF UHVSRQVHV D
GLIILFXOW WDVN JLYHQ WKH FRPSOH[LW\ RI KXPDQ DQG DQLPDO
SK\VLRORJ\DQGLQGLYLGXDOYDULDWLRQV7KHJHQRPLFNQRZOHGJH
DQGQHZ WHFKQRORJLHV WKDWKDYHHPHUJHG LQ WKHSRVWJHQRPLF
HUDSURPLVHWRLQIRUPWKHXQGHUVWDQGLQJRIPDQ\ULVNVDVZHOO
DV HQOLJKWHQ FXUUHQW DSSURDFKHV DQG OHDG WR QRYHO SUHGLFWLYH
DSSURDFKHV IRU VWXG\LQJ GLVHDVH ULVN 7R[LFRJHQRPLFV LV
GHILQHGDVWKHDSSOLFDWLRQRIJHQRPLFWHFKQRORJLHVWRVWXG\WKH
DGYHUVH HIIHFWV RI HQYLURQPHQWDO DQG SKDUPDFHXWLFDO
FKHPLFDOV RQ KXPDQ KHDOWK DQG WKH HQYLURQPHQW
7R[LFRJHQRPLFV FRPELQHV WR[LFRORJ\ ZLWK LQIRUPDWLRQ
GHQVH JHQRPLF WHFKQRORJLHV WR LQWHJUDWH WR[LFDQWVSHFLILF
DOWHUDWLRQVLQJHQHSURWHLQDQGPHWDEROLWHH[SUHVVLRQSDWWHUQV
ZLWK SKHQRW\SLF UHVSRQVHV RI FHOOV WLVVXHV DQG RUJDQLVPV
7R[LFRJHQRPLFV PD\ OHDG WR LQIRUPDWLRQ WKDW LV PRUH
GLVFULPLQDWLQJ SUHGLFWLYH DQG VHQVLWLYH WKDQ WKDW FXUUHQWO\
XVHG WR HYDOXDWH WR[LF H[SRVXUH RU SUHGLFW HIIHFWV RQ KXPDQ
KHDOWK 6SHFLILFDOO\ WR[LFRJHQRPLF WHFKQRORJLHV PD\ EH
DSSOLHG WR LPSURYHFURVVVSHFLHVH[WUDSRODWLRQ LQ WKHDQDO\VLV
RIFKHPLFDOKD]DUGLGHQWLI\VXVFHSWLEOHVXESRSXODWLRQVDVVHVV
HIIHFWV RI HDUO\ OLIH H[SRVXUHV WR FKHPLFDOV DQDO\]H
FRPSRXQGVµ PRGHV RI DFWLRQ VFUHHQ IRU SRWHQWLDO WR[LF
UHVSRQVHV UHILQH H[SRVXUH DVVHVVPHQW DQG DQDO\]H ELRORJLF
HIIHFWV RI FRPELQHG H[SRVXUHV RU PL[WXUHV $SSO\LQJ
WR[LFRJHQRPLF WHFKQRORJLHV WR WKHVH LPSRUWDQW SUREOHPV LQ
WR[LFRORJ\ FDQ LPSURYH XQGHUVWDQGLQJ DQGPLQLPL]H DGYHUVH
HIIHFWVRIHQYLURQPHQWDOH[SRVXUHVDQGGUXJVDQGFRQWULEXWHWR
DNQRZOHGJHEDVHRIWR[LFLW\HQGSRLQWV7RGDWHDSSOLFDWLRQV
RI WR[LFRJHQRPLF WHFKQRORJLHV LQ ULVN DVVHVVPHQW DQG WKH
UHJXODWRU\ GHFLVLRQPDNLQJ SURFHVV KDYH EHHQ H[SORUDWRU\
$OWKRXJK WKH\ FOHDUO\ KDYH JUHDW SRWHQWLDO WR DIIHFW GHFLVLRQ
PDNLQJ WR[LFRJHQRPLF WHFKQRORJLHV DUH QRW UHDG\ WR UHSODFH
H[LVWLQJ UHTXLUHG WHVWLQJ UHJLPHV LQ ULVN DVVHVVPHQW DQG
UHJXODWRU\ WR[LFRORJ\ +RZHYHU WR[LFRJHQRPLF WHFKQRORJLHV
DUHDVVXPLQJDQLQFUHDVLQJUROHDVDGMXQFWVWRDQGH[WHQVLRQV
RI H[LVWLQJ WHFKQRORJLHV IRU SUHGLFWLYH WR[LFRORJ\
7R[LFRJHQRPLFVFDQSURYLGHPROHFXODU OHYHO LQIRUPDWLRQDQG
WHVWVWKDWDGGWRWKHʊZHLJKWRIWKHHYLGence”IRURUDJDLQVWWKH
VDIHW\ RI VSHFLILF HQYLURQPHQWDO WR[LFDQWV DQG GUXJV
8OWLPDWHO\ WR[LFRJHQRPLF WHFKQRORJLHV DUH HQYLVLRQHG WR EH
PRUH VHQVLWLYH DQG PRUH LQIRUPDWLYH WKDQ H[LVWLQJ
WHFKQRORJLHV DQGPD\ VXSSODQW VRPH DSSURDFKHV FXUUHQWO\ LQ























*HQHWLF WHVWLQJ IRU 02'< KDV EHFRPH D URXWLQH SURFHGXUH
DOORZLQJWRSHUIRUPQRWRQO\WKHIDPLO\VFUHHQLQJWRGHWHFWDW
ULVN UHODWLYHV EXW DOVR WR VHW XS SURSHU WUHDWPHQW DQG
GLVFULPLQDWHIURPW\SHGLDEHWHV7'ZKRVHV\PSWRPVDUH
RIWHQ RYHUODSSLQJ8S WR QRZ  W\SHV RI02'<KDG EHHQ
GHOLQHDWHGFDXVHGE\GLIIHUHQWJHQHV:HKDYHLQYHVWLJDWHG
E\ FRQYHQWLRQDO 6DQJHU VHTXHQFLQJ  VXEMHFWV DIIHFWHG E\
02'< IRU WKH JHQHV *&. +1)Į +1)Į DQG +1)ȕ
NQRZQWREHDVVRFLDWHGZLWKWKHGLVHDVHDQGGHWHFWHGFDXVDWLYH
PXWDWLRQV LQ  RI WKHP :H DUH QRZ VHTXHQFLQJ WKH
QHJDWLYHFDVHVE\QH[WJHQHUDWLRQVHTXHQFLQJIRUDVHWRIWDUJHW
JHQHVLQGLFDWHGDVJRRGFDQGLGDWHE\JHQRPHZLGHDVVRFLDWHG
VWXGLHV SHUIRUPHG LQ ERWK 02'< DQG 7' %HWZHHQ WKH
DQDO\]HG FDVHV HJ ZH IRXQG D SDWKRORJLF YDULDWLRQ LQ WKH
,3)JHQHS3UR7KUF&!$ LQDVXEMHFWZLWK LQFLGHQWDO
ILQGLQJRIJO\FRVXULD7KLVPXWDWLRQDOWHUVERWKWKHIXQFWLRQRI
'1$ELQGLQJ DQG WKH WUDQVFULSWLRQDO DFWLYDWLRQ RI ,3) 7KH
VDPHPXWDWLRQZDVSUHVHQWLQKLVIDWKHUDQGJUDQGIDWKHUZLWK
7'GLDJQRVLV'HIHFWVLQWKLVJHQHDUHWKHFDXVHRISDQFUHDWLF
DJHQHVLV ZKLFK FDQ OHDG WR HDUO\ RQVHW GLDEHWHV PHOOLWXV
LQVXOLQGHSHQGHQW ,Q RXU FDVHV XOWUDVRXQG KDV H[FOXGHG
DJHQHVLV RU K\SRSODVLD RI SDQFUHDV LQGLFDWLQJ WKDW WKLV JHQH
VKRXOGEHWHVWHGQRWRQO\LQ WKHSUHVHQFHRISDQFUHDVGHIHFWV
EXW DOVR LQ IDPLOLDO FDVHV RI 02'<'7 :H ZLOO SUHVHQW
IXUWKHU UHVXOWV FRPLQJ IURP WKH VWXG\RI WKH Ìð FHOO SDWKZD\V
LQYROYHG LQ PRQRJHQLF IRUPV RI GLDEHWHV WKDW PD\ KDYH
LPSOLFDWLRQV IRU PDQ\ IRUPV RI GLDEHWHV LQ DGXOWV 1H[W
JHQHUDWLRQVHTXHQFLQJWHFKQRORJLHVDUHEHFRPLQJWKHILUVWWLHU
IRUDQLPPHGLDWHXQGHUVWDQGLQJRIWKHPROHFXODUEDVLVRIPRVW
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0DOH LQIHUWLOLW\ KDV EHHQ DVVRFLDWHGZLWK VHYHUDO JHQHWLF DQG
QRQJHQHWLF FRQGLWLRQV $W WKH JHQHWLF OHYHO PDOH LQIHUWLOLW\
FDQEHFDXVHGE\FKURPRVRPHDEHUUDWLRQVRUJHQHPXWDWLRQV
7KH SUHVHQFH DQG W\SHV RI < FKURPRVRPH PLFURGHOHWLRQV
<0' DQG F\VWLF I\EURVLV WUDQVPHPEUDQH FRQGXFWDQFH
UHJXODWRU &)75 JHQH PXWDWLRQV DV JHQHWLF FDXVH RI PDOH
LQIHUWLOLW\ KDYH EHHQ GHVFULEHG7KH DLPRI WKLV VWXG\ZDV WR
GHWHUPLQH WKH SUHYDOHQFH RI FRPSRXQG JHQHWLF DEQRUPDOLWLHV
LQ SDWLHQWV ZKR DUH FDUULHUV RI F\VWLF ILEURVLV SRO\PRUSKLVP
DQG WR FRPSDUHRXU UHVXOWV WR VLPLODU SDWLHQWV UHSRUWHG LQ WKH
OLWHUDWXUH $ WRWDO RI  LQIHUWLOH PHQ ZHUH HQUROOHG LQ WKLV
VWXG\ WKH\ ZHUH LGHQWLILHG WR EH FDUULHUV RI F\VWLF ILEURVLV
WUDQVPHPEUDQH UHJXODWRU &)75 JHQH SRO\PRUSKLVP 7KH





ZHUH LGHQWLILHG LQ RXU GDWDEDVH WR KDYH FRPSRXQG JHQHWLF
DEQRUPDOLWLHV 2QH SDWLHQW KDG 77 ZKLOH WKH RWKHU KDG
77 DQG WKH WKLUG KDG 77 7KH WKUHH SDWLHQWV KDG
GHOHWLRQV RI $=) DE RU $=)DEF UHJLRQV 7KHUH ZHUH QR
NDU\RW\SH DEQRUPDOLWLHV LGHQWLILHG LQ RXU GDWDEDVH $Q



















7KH V\QGURPH RI GHOHWLRQ T RU V\QGURPH RI 3KHODQ
0F'HUPLG 0,0  LV FKDUDFWHUL]HG E\ D QHRQDWDO
K\SRWRQLD D VRPDWLF JURZWK GHOD\ D VHYHUH UHWDUGDWLRQ RI
ODQJXDJHLQDVVRFLDWLRQWRDQDJJUHVVLYHDQGDXWLVWLFEHKDYLRU
DVZHOODVDPLQRU IDFLDOG\VPRUSKLVPFRQVLVWLQJRIWHQRIDQ
HSLFDQWKXV ELJ G\VSODVLF HDUV ORQJ H\HODVKHV DQG WKLFN
H\HEURZV ZLWK VRPHWLPHV GHQWDO PDORFFOXVLRQ DQG
K\SHUWHORULVP7KLV V\QGURPHFDQ UHVXOWHLWKHU IURPD VLPSOH
GHOHWLRQRI WKHUHJLRQTRUDQXQEDODQFHG WUDQVORFDWLRQ
DVZHOODVLQFDVHVRIULQJFKURPRVRPH:HUHSRUWKHUHWKH
UHVXOWV RI RXU LQYHVWLJDWLRQ LQ WZR  \HDUV ROG FKLOGUHQZLWK
PRGHUDWH PHQWDO UHWDUGDWLRQ VHYHUH VSHHFK GHOD\ K\SRWRQLD
DQGPLQRUFUDQLRIDFLDOG\VPRUSKLVP&\WRJHQHWLFH[SORUDWLRQ
RI ERWK SDWLHQWV XVLQJ),6+ UHYHDOHG D ULQJ FKURPRVRPH
GHQRYR&*+DUUD\LQYHVWLJDWLRQVKRZHGLQERWKDGHOHWLRQRI
WKH PLQLPDO FULWLFDO UHJLRQ T LQYROYLQJ $56$
6+$1.$&5DQG5$%/%JHQHV7KLVORVVZDVFRQILUPHG
XVLQJ ),6+ DQGPDSSHG EHWZHHQ$56$ DQG T WHO SUREHV
7KH PDMRULW\ RI QHXURORJLFDO IHDWXUHV LQ WKH V\QGURPH RI
GHOHWLRQ T UHVXOW PDLQO\ IURP WKH KDSORGHILFLHQF\ RI
6+$1.JHQHWKHUHDVRQRIZKLFKZHWKLQNWKDWRXUSDWLHQWVµ






















$VWKPD LV DQ LQIODPPDWRU\ FKURQLF DLUZD\ GLVHDVH ZKLFK
VKRZV D KLJK SUHYDOHQFH LQ 0H[LFDQ SRSXODWLRQ $FWXDOO\
HSLGHPLRORJLFDO VWXGLHV VXJJHVW WKDW QHDUE\ WR  RI WKH
FKLOGKRRGSRSXODWLRQKDYHDVWKPD,QFUHDVLQJHYLGHQFHVVKRZ
WKDW WKLV GLVHDVH KDV D KLJK FRPSOH[ JHQHWLF EDFNJURXQG
*HQRPHZLGH DVVRFLDWLRQ VWXGLHV DUH FRQWULEXWLQJ WR LGHQWLI\
SRO\PRUSKLVPV LQQRYHOJHQHV LPSOLFDWHG LQ WKHSDWKRJHQHVLV
RIDVWKPD7KHSUHVHQWVWXG\ZDVXQGHUWDNHQWRLGHQWLI\QHZ
FDQGLGDWH JHQHV DVVRFLDWHG ZLWK DVWKPD LQ 0H[LFDQ0H]WL]R
SHGLDWULF SDWLHQWV 7KUHH KXQGUHG DQG WZHQW\ IRXU XQUHODWHG
DVWKPDWLF SDWLHQWV IURP IRXU WHUWLDU\ 0HGLFDO &HQWHU IURP
0H[LFR &LW\ DQG  KHDOWK\ EORRG GRQRU FRQWUROV ZHUH
LQFOXGHG$JHQRPHZLGHDVVRFLDWLRQVWXG\ZDVSHUIRUPHGLQ
 FDVHV DQG  FRQWUROV XVLQJ PLFURDUUD\V '1$
$II\PHWUL[9  7KHUHDIWHU YDOLGDWLRQZDV FDUULHG RXW LQ
WKHFDVHVDQGFRQWUROV'DWDDQDO\VLVZDVSHUIRUPHG
E\ +(/,; 75(( *2/'(1 +(/,; ),11(7,
+$3/29,(:DQG67$7&$/&VRIWZDUHV7KHJHQRPHZLGH
DVVRFLDWLRQ DQDO\VLV VKRZHG WKH VWURQJHVW SYDOXHV DW T
DQG T UHJLRQV 7KUHH RI WKH 613V DW WKH T
UV S  [ UV [ DQG
UV S  [ZHUH ORFDWHG QHDU WR(76JHQH
%HFDXVH(76KDVEHHQLPSOLFDWHGLQDVWKPDSK\VLRSDWKRORJ\
WKH YDOLGDWLRQ DQDO\VLV ZDV SHUIRUPHG LQFOXGLQJ WKHVH WKUHH
613V DQG WZR DGGLWLRQDO 613V ORFDWHG LQ WKH 
875 (76
UHJLRQ UV DQG UV +RZHYHU QR VLJQLILFDQW
GLIIHUHQFHV LQ WKH GLVWULEXWLRQ RI WKRVH ILYH 613V EHWZHHQ
FDVHV DQG FRQWUROV ZHUH REVHUYHG 7KHVH GDWD VXJJHVW WKDW
(76 JHQH LV QRW DVVRFLDWHG ZLWK DVWKPD VXVFHSWLELOLW\ LQ



















GHYHORS FRS\QHXWUDO ORVV RI KHWHUR]\JRVLW\ /2+ZKLFK LV
QRWGHWHFWDEOHE\FRQYHQWLRQDONDU\RW\SLQJDUUD\FRPSDUDWLYH
JHQRPLF K\EULGL]DWLRQ RU ),6+ 613 DUUD\ NDU\RW\SLQJ
SURYLGHV GUDPDWLFDOO\ EHWWHU UHVROXWLRQ WKDQ FRQYHQWLRQDO
NDU\RW\SLQJ GRHV QRW UHTXLUH FXOWXUH SHUIRUPV ZHOO RQ
SDUDIILQHPEHGGHG VDPSOHV DQG UHDGLO\ GHWHFWV FRS\QHXWUDO
/2+ PDNLQJ LW D SRZHUIXO QHZ DGGLWLRQ WR RXU PROHFXODU
RQFRORJ\ WRRO ER[ ([DPSOHV RI WKH FOLQLFDO LPSDFW RI 613





























JHQH DQG ELSRODU GLVRUGHU LQ WKH0DOD\VLDQ SRSXODWLRQ 7KH
7& SRO\PRUSKLVP ZDV JHQRW\SHG XVLQJ 7DTPDQ
*HQRW\SLQJ 5HDOWLPH 3&5 PHWKRG LQ  VXEMHFWV ZLWK
ELSRODUGLVRUGHUFDVHDQGVXEMHFWVZLWKRXWWKHFRQGLWLRQ
FRQWURO7KHSUREH VHTXHQFH IRU WKH613ZDVGHVLJQHGDQG





DQGZHUH**JHQRW\SHV  ,Q WHUPVRIDOOHOLF IUHTXHQF\
RIWKHSDWLHQWVZHUHRIWKH$DOOHOHDQGRIWKH
SDWLHQWZHUH* DOOHOH ,Q WKH FRQWURO VXEMHFWV ZHUH RI
WKH $ DOOHOH DQG  ZHUH RI WKH * DOOHOH 7KHUH ZDV D
VLJQLILFDQW GLIIHUHQFH LQ ERWK JHQRW\SH S DQG DOOHOLF




HDFK HWKQLFLW\ 5HVXOWV RI WKH VWXG\ UHYHDOHG VLJQLILFDQW
GLIIHUHQFHV LQ ERWK JHQRW\SH S DQG DOOHOLF S
25 &,aIUHTXHQFLHVLQWKH0DOD\,Q
DGGLWLRQ VLJQLILFDQW DVVRFLDWLRQ ZDV DOVR REVHUYHG LQ WKH
&KLQHVHLQWHUPVRIJHQRW\SHS DQGDOOHOLFS 
25 &, aIUHTXHQFLHV+RZHYHUQR
DVVRFLDWLRQ ZDV IRXQG EHWZHHQ FDVH DQG FRQWURO VXEMHFWV LQ





















'HQJXH LV D VHULRXV SXEOLF KHDOWK WKUHDW LQ PDQ\ FRXQWULHV
DURXQGWKHZRUOG,WLVHVWLPDWHGWKDWPLOOLRQFDVHVRI
VHYHUH GHQJXH UHTXLULQJ KRVSLWDOL]DWLRQ RFFXUV DQQXDOO\
$SSUR[LPDWHO\  RI WKHVH FDVHV PDQLIHVWHG DV '+)
'HQJXH6KRFN6\QGURPH'66ZLWKPRUHWKDQGHDWKV
ZRUOGZLGH'HQJXHGHDWKVRFFXUXVXDOO\DVDFRPSOLFDWLRQRI
VHYHUH YDVFXODU OHDNDJH  7KH PHFKDQLVPV WKDW OHDG WR WKLV
VHYHUHOHDNDJHDUHVWLOOXQNQRZQ5HFHQWVWXGLHVVXJJHVWHGWKH
SRWHQWLDO UROH RI )F JDPPD UHFHSWRUV )&*5V LQ WKH
SDWKRJHQHVLVRIGHQJXH,QWKHSUHVHQWVWXG\ZHH[DPLQHGWKH
FRS\ QXPEHU YDULDWLRQV RI WKH )&*5% JHQHV LQ D VHOHFW
GHQJXH SDWLHQW SRSXODWLRQ LQ 0DOD\VLD 7RWDO FHOO '1$ ZDV
H[WUDFWHGIURPGHQJXHSDWLHQWV
ZKROHEORRG&19JHQRW\SLQJ
ZDVSHUIRUPHG HLWKHU XVLQJ WKH6HTXHQRP0DVV6SHF RU WKH
TXDQWLWDWLYH 3&5 T3&5 ZLWK 6<%5*UHHQ IOXRUHVFHQW G\H
DVVD\%LR5DG,QT3&5DQDO\VLVWKH5HODWLYHTXDQWLILFDWLRQ
ZDVXVHGWRDQDO\]HUHODWLYHFKDQJHVLQ&19E\FRPSDULQJWKH




RI YDVFXODU OHDNDJH FDVH DQG  ZLWK W\SLFDO GHQJXH IHYHU
V\PSWRPV ZLWKRXW YDVFXODU OHDNDJH FRQWURO 'XULQJ WKH
DQDO\VLVVDPSOHVZHUHH[FOXGHGDVWKH\GLGQRWSDVVWKH4&
RU IDLOHG LQ JHQRW\SLQJ H[SHULPHQW 5HVXOWV IURP WKH VWXG\
VXJJHVWHG WKDW RI WKH VXEMHFWV VKRZHG QRUPDO )&*5%
FRS\ QXPEHU &1  2I WKH WRWDO  FDVHV ZLWK YDVFXODU
OHDNDJHKDG)&*5%&1ORVVDQGZLWK&1JDLQ7KHUH
ZDVQR VLJQLILFDQW DVVRFLDWLRQEHWZHHQ&1 ORVVDQG&1JDLQ
ZLWKYDVFXODUOHDNDJHZKHQLQGHSHQGHQWO\DQDO\]HG+RZHYHU
ZKHQ VXEMHFWV ZLWK &1 JDLQ DQG &1 QRUPDO ZHUH SRROHG
DJDLQVW WKRVHZLWK&9 ORVV DZHDN DVVRFLDWLRQ S ZDV
IRXQG VXJJHVWLQJ&1 ORVVZLWK ODFNRIYDVFXODU OHDNDJH7KH
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LPSRUWDQFHRI)&*5LQYDULRXVDXWRLPPXQHDQGLQIODPPDWRU\
GLVHDVHV KDV EHHQ ZHOOGRFXPHQWHG +HUH ZH VKRZHG D
SRWHQWLDO DVVRFLDWLRQ EHWZHHQ &1 ORVV RI WKH )&*5% DQG
SURWHFWLRQ DJDLQVW YDVFXODU OHDNDJH LQ GHQJXH ,W LV SRVVLEOH
WKDW WKH ORVVRI)&*5%FRXOGDIIHFW WKHDQWLERG\GHSHQGHQW
HQKDQFHPHQW $'( RI GHQJXH LQ VHFRQGDU\ LQIHFWLRQ
UHVXOWLQJ LQ UHGXFHG SRVVLELOLWLHV RI LQGXFWLRQ RI YDVFXODU

















(YLGHQFH VXJJHVWV WKDW R[\WRFLQPD\ FRQWULEXWH YXOQHUDELOLW\
WRDXWLVPVSHFWUXPGLVRUGHUV$6'5HFHQWO\DQHZSOD\HULQ
WKHR[\WRFLQVWRU\ZDV UHYHDOHGE\PDWHUQDOEHKDYLRU VWXGLHV
LQ D &' NQRFNRXW PRXVH PRGHO 7KHVH DQLPDOV ZHUH
FKDUDFWHUL]HG E\ GHILFLWV LQ VRFLDO EHKDYLRU WKDW FRXOG EH
UHVWRUHG E\ R[\WRFLQ 7ZR UHFHQW DVVRFLDWLRQ VWXGLHV IXUWKHU
VWUHQJWKHQHGWKHQRWLRQWKDW&'LVDIDFWRULQULVNIRU$6'
,QDILUVWVWXG\ZHUHSRUWHGWKDW&'H[SUHVVLRQZDVUHGXFHG
LQ O\PSKREODVW FHOO /%& OLQHV IURP $6' VXEMHFWV 6LQFH
&'LVLQGXFHGE\DOOWUDQVUHWLQRLFDFLG$75$YLWDPLQ$
ZHWHVWHGWKHK\SRWKHVLVWKDW$75$ZRXOGĴUHVFXHµ$6'/%&
OLQHV DQG UHVWRUH QRUPDO OHYHOV RI &' H[SUHVVLRQ
$OWRJHWKHU  $6' /%& OLQHV DQG  SDUHQWDO OLQHV ZHUH
JURZQ IRU  KRXUV LQ WKH SUHVHQFH DQG DEVHQFH RI  0
$75$:HUHSOLFDWHRXUILUVWILQGLQJVWKDW/%&OLQHVGHULYHG
IURP $6' VXEMHFWV FRPSDUHG WR WKHLU SDUHQWDO OLQHV VKRZHG
UHGXFHG H[SUHVVLRQ RI &' 0RVW LPSRUWDQWO\ LQ YLWUR
WUHDWPHQW ZLWK $75$ UHVFXHG $6' FHOO OLQHV DQG UHVWRUHG
&'H[SUHVVLRQWRJUHDWHUWKDQSDUHQWDOOHYHOV1RWDEO\WKHUH
ZDV D VLJQLILFDQW SRVLWLYH FRUUHODWLRQ EHWZHHQ &'
H[SUHVVLRQ LQ /%& FHOO OLQHV DQG VFRUHV LQ WKH 9LQHODQG
$GDSWLYH %HKDYLRU 6FDOH 9$%6 LQ $6' VXEMHFWV
$GGLWLRQDOO\DVLQJOH613UV&!*YDULDWLRQLQWKH
LQWURQLF &S* LVODQG KDUERULQJ WKH UHWLQRLFDFLG UHVSRQVH
HOHPHQWZDVDVVRFLDWHGZLWK&'H[SUHVVLRQLQSDUHQWDOFHOO
OLQHV 7R IXUWKHU H[DPLQH WKH SRWHQWLDO UROH RI &' DV DQ
LQIRUPDWLYH ELRPDUNHU IRU DXWLVP DQG GHILFLWV LQ VRFLDO
EHKDYLRUV$75$LQGXFWLRQRI&'LQIUHVKO\PSKRF\WHVZDV
VWXGLHG LQ D QRQFOLQLFDO SRSXODWLRQ XVLQJ TXDQWLWDWLYH
H[SUHVVLRQ DVVD\V2XU SURYLVLRQDO ILQGLQJV LQ D JURXS RI 
QRUPDOVXEMHFWVGHPRQVWUDWHGWKDW$75$LQGXFHV&'JHQH
H[SUHVVLRQ ,QWHUHVWLQJO\ IROG LQFUHDVH RI &' P51$
FRQWHQWXSRQWUHDWPHQWZLWK$75$ZDVQHJDWLYHO\FRUUHODWHG
ZLWK &' EDVDO H[SUHVVLRQ OHYHO U  S 
1RPLQDOO\ VLJQLILFDQW W  S  DVVRFLDWLRQ ZDV
REVHUYHG EHWZHHQ &' 613 UV DQG VFRUHV RQ WKH
6\VWHPL]LQJ 4XRWLHQW 64 *HQRW\SH 77 FRUUHVSRQGLQJ WR
KLJKHU64ZDVDOVRDVVRFLDWHGZLWKORZHUEDVDOOHYHORI&'
P51$ WUDQVFULSWV W  S  7KHVH UHVXOWV DUH
FRQVLVWHQWZLWKZKDWZHREVHUYHGLQO\PSKREODVWRLGFHOOVIURP
$6' VXEMHFWV YL] &' P51$ OHYHOV DUH SRVLWLYHO\
FRUUHODWHGZLWK VRFLDO VNLOOV2XUVWXG\SURYLGHVDYDOLGEDVLV
WR DFKLHYH SKDUPDFRORJLF XSUHJXODWLRQ RI &' ZLWK
UHWLQRLGVDQGVXJJHVWVWKHLQWULJXLQJK\SRWKHVLVWKDWWKLVFODVV
















,VRFKURPRVRPHV T DUH UDUH FKURPRVRPDO DQRPDO\ 7KH
SKHQRW\SHLVLQWKHPDMRULW\RIFDVHVGHVFULEHGDVYHU\VLPLODU
WRWULVRP\RU(GZDUGV\QGURPHDQGDSSHDUVLQWKHFODVVLFDO
IRUP ZLWK RQH FHQWURPHUH DQG WZR T DUPV DV D UHVXOW RI D
PLUURU GXSOLFDWLRQ RI WZR JHQHWLFDOO\ LGHQWLFDO DUPV $ 
\HDUROG 7XQLVLDQ ZRPDQ ZDV UHIHUUHG RXU FHQWUH IRU
SUHJQDQF\ WHUPLQDWLRQ DW WKZHHNV EHFDXVH GLVFRYHULQJ RI
KRORSURVHQFHSKDO\ DW VHFRQG WULPHVWHU IHWDO XOWUDVRQRJUDSK\
)HWDO DXWRSV\ D NDU\RW\SH RQ DPQLRF\WHV DQG  ),6+ RQ
SDUDIILQ HPEHGGHG IHWDO WLVVXH  ZHUH SHUIRUPHG 7KH IRHWDO
DXWRSV\ VKRZHG DQ RVHRWUDFKHDO ILVWXOD D GLDSKUDJPDWLF
KHUQLDOREXODWLRQVDQRPDOLHVRIWKHOLYHUZLWKDQK\SRSODV\RI
WKH OHIW OLYHU D FRPSOH[ PDOIRUPDWLRQ RI WKH KHDUW DQG
KRORSURVHQFHSKDO\ 7KH NDU\RW\SH RQ FXOWXUHG DPQLRF\WHV
VKRZHG D ;< LT IRUPXOD 7KH LQWHUSKDVH ),6+ RQ
SDUDIILQ HPEHGGHG WLVVXH VKRZHG  FHQWURPHUHV RI
FKURPRVRPH  LQGLFDWLQJ D PRQRFHQWULF LVRT 7KH
PDQLIHVWDWLRQVRITWULVRP\LVG\VPRUSKLVPV\QGURPHZLWK
VHYHUH KHDUW PDOIRUPDWLRQV SVHXGRKHUPDSKURGLVP OLPEV
XURJHQLWDO DQG DQDO PDOIRUPDWLRQV ,Q WKH RWKHU KDQG WKH
PDQLIHVWDWLRQ RI SPRQRVRP\ LV JURZWK UHWDUGDWLRQ IDFLDO
G\VPRUSKLVP PHQWDO GHOD\ KRORSURVHQFHSKDO\
K\SRSLWXLWDULVP DQG JHQLWDO DQRPDOLHV 3DWLHQWV ZLWK
LVRFKURPRVRPHT SUHVHQW IHDWXUHV RI WKHVH ERWK
FKURPRVRPDO DQRPDOLHV0RVW FDVHV RI LVR FKURPRVRPH T
ZHUHGHQRYRDQGZKHQWKH\DUHLQKHULWHGPDWHUQDORULJLQZDV
IRXQG LQ  RI FDVHV 2XU SUHVHQWDWLRQ GHPRQVWUDWHV WKH
LPSRUWDQFH RI SHULQDWDO F\WRJHQHWLF DQDO\VLV LQ PDOIRUPHG
IHWXVHV LQ RUGHU WR XQFRYHU XQGHUO\LQJ JHQHWLF GLVRUGHUV $V
VKRZHG SUHYLRXVO\ RXU FDVHV VKDUH IHDWXUHV RI ERWK WULVRP\





















WKH ORQJ DUP RI FKURPRVRPH  DQG YDULDEOH SKHQRW\SLFDO
H[SUHVVLRQ 7KH PRVW FRPPRQ FOLQLFDO IHDWXUHV LQFOXGH SUH
DQGSRVWQDWDOJURZWKUHWDUGDWLRQSV\FKRPRWRUUHWDUGDWLRQDQG
D FKDUDFWHULVWLF IDFLDO G\VPRUSKLVP $EQRUPDO SODWHOHW
IXQFWLRQ WKURPERF\WRSHQLD RU SDQF\WRSHQLD DUH XVXDOO\
SUHVHQWDWELUWK3DWLHQWVFRPPRQO\KDYHPDOIRUPDWLRQVRIWKH
KHDUW NLGQH\ JDVWURLQWHVWLQDO WUDFW JHQLWDOLD FHQWUDO QHUYRXV
V\VWHP DQG VNHOHWRQ 2FXODU DXGLWRU\ LPPXQRORJLFDO DQG
KRUPRQDO DQRPDOLHV PD\ EH DOVR SUHVHQW +HUH ZH GHVFULEH
WKH FDVHV RI  \RXQJ JLUOV UHIHUUHG IRU SRO\PDOIRUPDWLYH
DVVRFLDWLRQ LQFOXGLQJ WKURPERF\WRSHQLD DQG IDFLDO
G\VPRUSKLVP$F\WRJHQHWLFDQGPROHFXODUF\WRJHQHWLFVWXG\
ZDV SHUIRUPHG IRU WKH SDWLHQWV DQG WKHLU SDUHQWV 7KH ILUVW
SDWLHQW LV D  PRQWKV ROG JLUO ZLWK IDFLDO G\VPRUSKLVP
LQWHUYHQWULFXODU VHSWDO GHIHFW LQWHVWLQDO PDOIRUPDWLRQV DQG
WKURPERF\WRSHQLD7KH VHFRQGSDWLHQW LV D QHZERUQJLUOZLWK
IDFLDO G\VPRUSKLVP LQWHUYHQWULFXODU VHSWDO GHIHFW ELODWHUDO
V\QGDFW\O\ RI WKH IRXUWK DQG ILIWK WRHV OHIW S\HORXUHWHUDO
GXSOLFDWLRQDQGWKURPERF\WRSHQLD7KHNDU\RW\SHVRIWKHWZR
SDWLHQWV VKRZHG GH QRYRT GHOHWLRQV FRQILUPHG E\ WKH
IOXRUHVFHQFH LQ VLWX K\EULGL]DWLRQ XVLQJ T WHORPHULF SUREH
'LDJQRVLVRI-DFREVHQV\QGURPHLVEDVHGRQFOLQLFDO ILQGLQJV
HVSHFLDOO\ LQWHOOHFWXDO GHILFLW IDFLDO G\VPRUSKLVP DQG
WKURPERF\WRSHQLDDQGFRQILUPHGE\F\WRJHQHWLFDQDO\VLV7KH




VHHQ LQRXUFDVHV $ERXWRIFKLOGUHQGLHGXULQJ WKH ILUVW
WZR\HDUVRI OLIHPRVW FRPPRQO\GXH WR FRPSOLFDWLRQV IURP
FRQJHQLWDO KHDUW GLVHDVH DQG OHVV FRPPRQO\ IURP EOHHGLQJ
WKDWµV ZK\ PDQDJHPHQW VKRXOG EH PXOWLGLVFLSOLQDU\ )RU















3HUVRQDOLW\ 'LVRUGHUV DFFRUGLQJ WR ,&' ZKR 
FRPSULVHRIGHHSO\LQJUDLQHGDQGHQGXULQJEHKDYLRUDOSDWWHUQV
PDQLIHVWLQJ DV LQIOH[LEOH UHVSRQVHV WR SHUVRQDO DQG VRFLDO
FRQGLWLRQV (WLRORJ\ RI 3HUVRQDOLW\ 'LVRUGHUV UHPDLQV DQ
HQLJPDDQGPRGHRIWUDQVPLVVLRQXQNQRZQ)DPLO\DQG7ZLQ
GDWD LQGLFDWH WKDW VXVFHSWLELOLW\ WR 3HUVRQDOLW\'LVRUGHUVPD\
LQIOXHQFH E\ DQ LQFRPSOHWHO\ SHQHWUDQW PDMRU JHQH LQ VRPH
IDPLOLHV DQG SHUKDSV E\PXOWLSOH JHQHV RI XQNQRZQ YDU\LQJ
HIIHFW LQ RWKHUV  7KH VWXG\ VDPSOH FRQVLVWHG RI  SDWLHQWV
GLDJQRVHG IRU 3HUVRQDOLW\ 'LVRUGHUV LQ 2XWSDWLHQWVµ
'HSDUWPHQWRI3V\FKLDWU\3,06,VODPDEDG7RWDOQXPEHURI
IHPDOHV ZDV   DQG PDOHV   6H[
UDWLR  Ȝ   3! $JH DW GLDJQRVLV UDQJHG
IURP\HDUVZLWKRISDWLHQWV IDOOLQJ LQDJH
FRKRUW  7KH WRWDO QXPEHU RI LQEUHG PDUULDJHV ZHUH
 DQG RXWEUHG PDUULDJHV DUH   7KH
FRHIILFLHQW RI ,QEUHHGLQJ ) IRU 3HUVRQDOLW\ 'LVRUGHUV LV
) DQGWKDWRIFRQWUROVDPSOHLV) *HQHWLF
VWXGLHV 7KHUH ZHUH   SDWLHQWV ZLWK GLVHDVH LQ
IDPLO\   ZLWK PHQWDO LOOQHVV RWKHU WKDQ 3' LQ
IDPLO\ZHUHVSRUDGLFFDVHV2XWRISRVLWLYH




DUH  SHGLJUHHV WKDW GHSLFW 'RPLQDQW LQKHULWDQFH
7KHUHDUHSHGLJUHHVVKRZLQJ$XWRVRPDOUHFHVVLYH
LQKHULWDQFH )DPLOLDO FDVHV ZHUH   6WUHVVIXO OLIH
HYHQWV ZHUH SUHFLSLWDWLQJ IDFWRUV LQ   SDWLHQWV
ZKLOHLQQRXQWRZDUGHYHQWWULJJHULQJWKHRQVHWRI
GLVHDVH ZDV UHSRUWHG /RZ SDLG *RYHUQPHQW VHUYDQWV DQG
ODERUHUVDUHPRVWDIIHFWHGZLWKVFKL]RSKUHQLDDQGSUHYDOHQFH
LV PRUH LQ WKH OHVV HGXFDWHG FODVV 7KLV VWXG\ VKRZV
FRQVDQJXLQLW\DVDQLPSRUWDQWIDFWRULQWKHRQVHWRI3HUVRQDOLW\
'LVRUGHUV DQG LV D IHUWLOH EDVH IRU IXUWKHU PROHFXODU JHQHWLF















6FKL]RSKUHQLD LV FKDUDFWHUL]HG E\ SURIRXQG GLVWXUEDQFHV RI
FRJQLWLRQ HPRWLRQ DQG VRFLDO IXQFWLRQLQJ  /LIHWLPH ULVN
ZLWKLQ WKH JHQHUDO SRSXODWLRQ RI DSSUR[LPDWHO\  *HQHWLF
HSLGHPLRORJLFDO VWXGLHV KDYH VKRZQ WKDW WKH V\QGURPH KDV D
KLJK KHULWDELOLW\ DQG VLJQLILFDQW JHQHWLF FRPSRQHQW WR LWV
HWLRORJ\ 7KH GLVHDVH LV FRPSOH[ DQG KHWHURJHQHRXV DQG WKH
SUHFLVHXQGHUO\LQJQHXURELRORJLFDOPHFKDQLVPVUHPDLQODUJHO\
XQNQRZQ7RVWXG\FRQVDQJXLQLW\HSLGHPLRORJ\DQGSDWWHUQV
RI LQKHULWDQFHRIVFKL]RSKUHQLD LQDKRVSLWDOSRSXODWLRQ 7KH
VWXG\ LV EDVHG RQ  GLDJQRVHG VFKL]RSKUHQLF SDWLHQWV 7KH
GDWD ZHUH FROOHFWHG IURP WKH RXWSDWLHQW 'HSDUWPHQW RI
3V\FKLDWU\3DNLVWDQ,QVWLWXWHRI0HGLFDO6FLHQFHV,VODPDEDG
5HVXOWV $IIHFWHG 0DOHV ZHUH PRUH LQ QXPEHU WKDQ IHPDOHV
 EXW WKH GLIIHUHQFHEHWZHHQ WKH WZR VH[HV LV QRW
VLJQLILFDQW7KHUHZHUHXQPDUULHGSDWLHQWVDQGPDUULHG
SDWLHQWV 7KH PHDQ DJH DW GLDJQRVLV RI XQPDUULHG IHPDOH
SDWLHQWV LV   \HDUV DQG WKDW RI XQPDUULHG PDOH
SDWLHQWV LV   \HDUV EXW WKH GLIIHUHQFH LV QRW
VLJQLILFDQW$PRQJPDUULHGSDWLHQWVWKHPHDQDJHRIGLDJQRVLV
RIIHPDOHSDWLHQWV LV\HDUV0DUULHG0DOHSDWLHQWV
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ZHUH LQIOLFWHG ZLWK WKH GLVHDVH VLJQLILFDQWO\ HDUOLHU WKDQ
IHPDOHV  \HDUV W  S 7KH LQEUHG
PDUULDJHV LQ WKLV VWXG\ DUH  Q  RI ZKLFK ILUVW
FRXVLQ XQLRQV DUH   7KH LQEUHG PDUULDJHV DUH
VLJQLILFDQWO\KLJKHULQQXPEHUDVFRPSDUHGWRRXWEUHGFRXSOHV
   S   7KH FRHIILFLHQW RI LQEUHHGLQJ )
FDOFXODWHG IRU WRWDO VDPSOH RI VFKL]RSKUHQLD SDWLHQWV ZDV
) DQGWKDWRIJHQHUDOSRSXODWLRQZDV) 7KHUH
ZHUHIDPLO\PHPEHUVLQKHULWLQJVFKL]RSKUHQLDDQGRIWKHVH
 IDPLOLHV ZHUH LQEUHG PDUULDJHV DQG  ZHUH ILUVW FRXVLQ
XQLRQV ,Q WKLV VWXG\ WKUHHJURXSVEDVHGRQ IDPLO\KLVWRU\RI
SDWLHQWV ZHUH IRUPHG 3RVLWLYH JURXS ZKHUH SDWLHQWV
LPPHGLDWH UHODWLYHV KDG WKH VDPH Q   GLVRUGHU
1HJDWLYHJURXSZKHUHVDPHGLVRUGHUZDVQRWSUHVHQWLQIDPLO\
EXW VRPH RWKHUPHQWDO GLVRUGHUZDV GLDJQRVHG LQ WKH IDPLO\
Q 7KLUGJURXSZKHUHRFFXUUHQFHRIGLVHDVHZDV
VSRUDGLFQ *HQHWLFKHWHURJHQHLW\ZDVREVHUYHG
LQ WKH LQKHULWDQFH RI VFKL]RSKUHQLD 7KHUHZHUH  
IDPLOLHV DVFHUWDLQHG IRU UHFHVVLYH LQKHULWDQFH ZKHUHDV 
 VKRZHG DXWRVRPDO GRPLQDQW SDWWHUQ DQG 
IDPLOLHV VKRZLQJ GRPLQDQW LQKHULWDQFH ZLWK LQWUD IDPLO\
LQFRPSOHWH SHQHWUDQFH 7KHUH ZHUH  FDVHV VSRUDGLF FDVHV
  /RZ SDLG *RYHUQPHQW VHUYDQWV DQG ODERUHUV DUH
PRVW DIIHFWHG ZLWK VFKL]RSKUHQLD DQG SUHYDOHQFH LV PRUH LQ
WKHOHVVHGXFDWHGFODVV7KLVVWXG\VKRZVFRQVDQJXLQLW\DVDQ
LPSRUWDQW IDFWRU LQ WKHRQVHWRIVFKL]RSKUHQLD LOOQHVVDQG LVD













)DPLOLDO K\SHUFKROHVWHURODHPLD )+ LV DQ DXWRVRPDO
GRPLQDQFH JHQHWLF GLVRUGHU FKDUDFWHUL]HG E\ KLJK FKROHVWHURO
OHYHOV VSHFLILFDOO\ YHU\ KLJK ORZGHQVLW\ OLSRSURWHLQ /'/
FKROHVWHURO OHYHOV LQ WKH EORRG ZKLFK DVVRFLDWHG ZLWK
SUHPDWXUH FRURQDU\ DUWHU\ GLVHDVH &$' +HWHUR]\JRXV)+
LV D FRPPRQ JHQHWLF GLVRUGHU RFFXUULQJ LQ  SHRSOH LQ
PRVWSRSXODWLRQ:LWKDSRSXODWLRQRIPLOOLRQLQ0DOD\VLD
LWLVHVWLPDWHGWKDWLQGLYLGXDOVDUHDIIHFWHGDQGPDMRULW\
RI ZKRP DUH XQGHU GLDJQRVHG 0DQ\ )+ SDWLHQWV FDUU\ WKH
PXWDWLRQVLQ WKH/'/UHFHSWRU/'/5JHQHWKDWHQFRGHVWKH
/'/5 SURWHLQ ZKLFK QRUPDOO\ UHPRYHV /'/ IURP WKH
FLUFXODWLRQ RU DSROLSRSURWHLQ % $32% JHQH ZKLFK LV WKH
SDUW RI /'/ WKDW ELQGVZLWK WKH UHFHSWRUPXWDWLRQV LQ RWKHU
JHQHV DUH UDUH +RZHYHU PXWDWLRQ LQ VSHFLILF VLWH RI $32%
JHQHZKLFKUHGXFHVWKHLUDIILQLW\IRUWKH/'/UHFHSWRUOHDGLQJ
WR K\SHUFKROHVWHUROHPLD ZDV UHIHUUHG DV )DPLOLDO GHIHFWLYH
DSROLSRSURWHLQ )'% :LWK WKH VDPH SUHYDOHQFH LQ PRVW
SRSXODWLRQDVLQ)+WKH)'%KHWHUR]\JRWHVFOLQLFDOSLFWXUHLV
LQGLVWLQJXLVKDEOHIURPWKDWLQKHWHUR]\JRXV)+DQGOHDGV
WR PLVGLDJQRVH LQ FHUWDLQ SRSXODWLRQ ,Q $VLDQ SRSXODWLRQ
WKHUH LV VWLOO LQVXIILFLHQW GDWD UHJDUGLQJ WKH PLVGLDJQRVHG RI
)%' LQ )+ SDWLHQWV DQG )'% KDYH DOVR EHHQ SRRUO\
FKDUDFWHUL]HG2EMHFWLYH7RVFUHHQDQGFRQILUP WKHPXWDWLRQ
VLWH RI/'/5ELQGLQJ GRPDLQ LQ$32%JHQH DPRQJ WKH )+
SDWLHQWV7KLVREVHUYDWLRQDO FURVVVHFWLRQDO VWXG\ LQYROYHG
)+SDWLHQWVRIGHILQLWH)+DQGSRVVLEOH)+0DOD\V	
&KLQHVHDQGDJHPDWFKHGQRUPRFKROHVWHUROHPLFFRQWUROV
'LDJQRVLV RI )+ ZDV EDVHG RQ WKH 6LPRQ %URRP FULWHULD
$QWKURSRPHWULF LQGLFHV ERG\ PDVV LQGH[ >%0,@ ZDLVW
FLUFXPIHUHQFH >:&@ DQG ZDLVW KLS UDWLR >:+5@ DQG EORRG
SUHVVXUHZHUHPHDVXUHGDQGGRFXPHQWHG%ORRGVDPSOHVZHUH
VHSDUDWHG VWRUHG DQG DQDO\]HG IRU IDVWLQJ VHUXP OLSLG WRWDO
FKROHVWHURO >7&@ WULJO\FHULGHV >7*@ ORZ GHQVLW\ OLSRSURWHLQ
>/'/F@ DQG KLJK GHQVLW\ OLSRSURWHLQ >+'/F@ SODVPD
JOXFRVH UHQDO SURILOH OLYHU IXQFWLRQ WHVWV DQG XULQDO\VLV E\
VWDQGDUG DXWRPDWHG ODERUDWRU\ WHFKQLTXHV '1$ H[WUDFWLRQ
ZDV SHUIRUPHG XVLQJ FRPPHUFLDOO\ DYDLODEOH NLW 3URPHJD
0D[ZHOO DQG SXULW\ ZDV GHWHUPLQHG E\ VSHFWURSKRWRPHWHU
1DQRGURS 1' *HQRW\SH DPSOLILFDWLRQ E\ SRO\PHUDVH
FKDLQUHFWLRQ3&5(SSHQGRUI0DVWHU&\FOHUDVHPSOR\HGWR
DPSOLI\IRXUHVWDEOLVKHGFRPPRQPXWDWLRQORFDWHGDWH[RQ
RI WKH $32% JHQH FRGRQ  3&5 SURGXFWV ZHUH
WKHQ DQDO\]HG XVLQJ FDSLOODU\ JHO HOHFWURSKRUHVLV $JLOHQW
%LRDQDO\VHU'1$VHTXHQFLQJZDVSHUIRUPHGIRUDOOSDWLHQWV
$SSOLHG%LRV\VWHP'1$6HTXHQFHU0XWDWLRQRQ$32%JHQH
FRGRQ  ZDV QRW IRXQG LQ DOO  VDPSOHV RI )+
GLDJQRVHGSDWLHQWV&RQFOXVLRQV7KLVSUHOLPLQDU\UHVXOWRI
)+ SDWLHQWV IRXQG WKDW WKHUH LV QR PXWDWLRQ RI WKH VSHFLILF
FRGRQWKDWOHDGVWR)'%1RQHWKHOHVVWKLVUHVXOWLVWRVSDUVHWR
PDNHDQ\FRQFOXVLRQDW WKHPRPHQWGXH WR L OLPLWHGQXPEHU





















UHVSRQVH 7/5 DQG 7/5 UHFRJQL]H 51$ DQG 7/5 '1$
PROHFXOHV GHULYHG IURP YLUXVHV +RZHYHU WKH\ PD\ DOVR
UHFRJQL]HHQGRJHQRXVQXFOHLFDFLGVZLWKLQLPPXQHFRPSOH[HV
DQG LQ SDWKRORJLFDO FRQGLWLRQV LW FDQ UHVXOW LQ DXWRLPPXQLW\
5HFHQWO\ZH KDYH VKRZQ WKDW7/5 FRS\QXPEHU YDULDWLRQV
&19V DUH DVVRFLDWHG ZLWK FKLOGKRRGRQVHW V\VWHPLF OXSXV
HU\WKHPDWRVXV6/(VXVFHSWLELOLW\LQ0H[LFDQSRSXODWLRQDQG
VXJJHVWHG WKDW LWPD\EH WKURXJK WKH LQGXFWLRQRI ,1)Į:H
LQYHVWLJDWHGLIWKHUHDUH&19VLQ7/5DQG7/5JHQHVDQGLI
WKH\FRQWULEXWH LQ WKHJHQHWLF FRPSRQHQWRI6/( LQ0H[LFDQ
SHGLDWULFSRSXODWLRQ:HSHUIRUPHGDFDVHFRQWURODVVRFLDWLRQ
VWXG\ LQ0H[LFDQSHGLDWULF6/(ZHUH IHPDOH
DQG   ZHUH PDOH $V D KHDOWK\ FRQWURO JURXS ZH
LQFOXGHGJHQGHUPDWFKHGEORRGEDQNGRQRUVIHPDOH
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DQGPDOH'HWHUPLQDWLRQRI&19VRI7/5DQG7/5
JHQHV ZHUH SHUIRUPHG E\ UHDO WLPH 3&5 XVLQJ WKH ¨ǻ&W
PHWKRG ([SUHVVLRQ OHYHOV RI 7/5 7/5 DQG ,1)Į ZHUH
GHWHUPLQHG LQSDWLHQWV$GGLWLRQDOO\ WR WHVW WKHDFWLYLW\RI
,1)Į ZH VWLPXODWHG LQ YLWUR:LVK FHOOV ZLWK WKH VHUXP RI
SDWLHQWV DQG GHWHUPLQHG WKH H[SUHVVLRQ OHYHOV RI WKUHH JHQHV
VSHFLILFDOO\ LQGXFHG E\ ,1)Į 0; 3.5 DQG ,),7 :H
IRXQG D VLJQLILFDQW LQFUHDVH LQ WKH UHODWLYH 7/5 JHQH FRS\
QXPEHU&1LQSHGLDWULF6/(SDWLHQWVFRPSDUHGZLWKFRQWUROV
3 +RZHYHUZKHQZHVWUDWLILHGE\JHQGHUORJLVWLF
UHJUHVVLRQ DQDO\VLV VKRZHG DQ DVVRFLDWLRQ RQO\ LQ WKH IHPDOH
JURXS 3    )HPDOH SDWLHQWV KDYLQJ !  FRSLHV RI
7/5WRVKRZHGDQ25 ,& 2Q
WKH RWKHU KDQG GHVSLWH &19V RI 7/5 ZHUH IRXQG QR
VLJQLILFDQW GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ FDVHV DQG
FRQWUROV3 7/5DQG7/5P51$OHYHOVFRUUHODWHG
VLJQLILFDQWO\ZLWK7/5DQG7/5&13 U 3
   U    UHVSHFWLYHO\ 1HYHUWKHOHVV RQO\ 7/5
H[SUHVVLRQOHYHOVFRUUHODWHGZLWK,1)ĮH[SUHVVLRQOHYHOV3 
 U    DQGZLWK WKH ,1)Į DFWLYLW\ 3    U  
2XUUHVXOWVVKRZWKDWWKHJHQHGRVDJHRI7/5EXWQRW



















7KH JHQRPHZLGH DVVRFLDWLRQ VWXG\ RI WKH ELRFKHPLFDO DQG












SURWHLQ XVLQJ GDWD IURP PRUH WKDQ  LQGLYLGXDOV $V D
UHVXOWZHLGHQWLILHGVLJQLILFDQWDVVRFLDWLRQRIWKHVH613VZLWK
ERWK ,J* 3   DQG  DQG ,J$ VHUXP
OHYHOV3 DQG7KHLGHQWLILHG613VZHUH
DOVR WHVWHG IRU DVVRFLDWLRQ ZLWK WZR DXWRLPPXQH GLVRUGHUV
V\VWHPLF OXSXV HU\WKHPDWRVXV 6/( Q  DQG ,J$
QHSKURSDWK\ ,J$1 Q   ,QWHUHVWLQJO\ ZH GHWHFWHG
VLJQLILFDQW DVVRFLDWLRQ RI DOO 613V ZLWK ,J$1 3  
DQG25 DQGUHVSHFWLYHO\DQG
613VZLWK6/( 3 DQG25 DQG
UHVSHFWLYHO\2XUILQGLQJVLQGLFDWHGDQLPSRUWDQWUROHRIWKHVH























LQ WKH RFFXUUHQFH RI RUDO FOHIWV SUHYLRXV IDPLO\ VWXGLHV KDYH
VXJJHVWHG WKDWPXOWLSOH JHQHV  ORFL DUH OLNHO\ WR LQWHUDFW
HSLVWDWLFDOO\LQWKHRFFXUUHQFHRIRUDOFOHIWV3DVWWZRGHFDGHV
VHYHUDO FDQGLGDWH JHQHV KDYH EHHQ UHSRUWHG WR EH DVVRFLDWHG
ZLWKRUDOFOHIWV+RZHYHUGLIIHUHQWFDQGLGDWHJHQHVKDYHEHHQ
VXJJHVWHG WR EH DVVRFLDWHG ZLWK RUDO FOHIWV LQ &DXFDVLDQ DQG
$VLDQSRSXODWLRQV7R LGHQWLI\ULVNIDFWRUVIRUQRQV\QGURPLF
RUDO FOHIW ZH DQDO\]HG WKH GHPRJUDSKLF HQYLURQPHQWDO
H[SRVXUH VWDWXV DQG RWKHU FOLQLFDO FKDUDFWHULVWLFV IRU 
LVRODWHG QRQV\QGURPLF RUDO FOHIW FDVHSDUHQW WULRV LQ.RUHD
:H DOVR JHQRW\SHG IRU WKH VLQJOH QXFOHRWLGH SRO\PRUSKLVP
613PDUNHUVRI FDQGLGDWHJHQHV UHSRUWHGSUHYLRXVO\ WR WHVW
JHQHJHQH LQWHUDFWLRQV XVLQJ  FDVHSDUHQW WULRV ZLWK QRQ
V\QGURPLF FOHIW OLS ZLWK RU ZLWKRXW SDODWH &/3 7KHVH
LQFOXGHG ,5) 07+)5 06; 7*)$ DQG 7%; :H
SHUIRUPHG ERWK FRQGLWLRQDO ORJLVWLF UHJUHVVLRQ DQDO\VLV DQG
QRQSDUDPHWULF 3*0'5 WR WHVW JHQHJHQH LQWHUDFWLRQ
&KDUDFWHULVWLFV VXFK DV VH[ PRWKHU
V HGXFDWLRQ PRWKHU
V
H[SRVXUH WR FKHPLFDOV DQG IDWKHU
V DOFRKRO GULQNLQJ ZHUH
GLIIHUHQW E\ WKH W\SH RI RUDO FOHIW HJ IDPLO\ KLVWRU\
S *HQH*HQHLQWHUDFWLRQVDPRQJFDQGLGDWHJHQHVIRU
LQVWDQFH07+)5 DQG06;ZHUH HYDOXDWHG DQG WKH UHVXOWV
ZLOO EH VKRZQ LQ GHWDLO ,QWHUDFWLRQV DPRQJ PXOWLSOH
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6LQFHWLPHXQNQRZQKLJKDOWLWXGH+$KDVDWWUDFWHGPDQNLQG
IRU YDULRXV UHDVRQV DV D FRQVHTXHQFH PRVW RI WKH KLJK
PRXQWDLQVKDYHEHHQZLGHO\WUHNNHGWUDYHOOHG,QWKHSURFHVV
PDQNLQG VXIIHUHG RI ORFDO FDODPLWLHV DQG +$ GLVRUGHUV
KRZHYHULWGLGQRWGHWHUDQGVXFFHHGHGLQRYHUFRPLQJRGGVE\
HVWDEOLVKLQJ SHUPDQHQW UHVLGHQFH WR WKHVH KLJK PRXQWDLQV
)XUWKHUPRUHWKHVHDODQGUHVLGHQWVWUDYHOWRWKHVHDOWLWXGHVIRU
YDULRXV UHDVRQV LQ VSLWH RI WKUHDWV WR OLIH GXH WR H[WUHPH
HQYLURQPHQW DORQJVLGH LQ SDFNDJH FDPH DGDSWDWLRQ RU +$
GLVHDVHV YL] $FXWH RU FKURQLF PRXQWDLQ VLFNQHVVHV +LJK
DOWLWXGH SXOPRQDU\ K\SHUWHQVLRQ +$ SXOPRQDU\ HGHPD
+$3( DQG +$ FHUHEUDO HGHPD +$&( &OLQLFDO DQG
SK\VLRORJLFDODVSHFWVDVVRFLDWLQJZLWKDJJUDYDWLRQRIDKHDOWK
FRQGLWLRQGXULQJ WUDYHO DUHZHOO HVWDEOLVKHGZKHUHDV JHQHWLF
DSSURDFK LQ LGHQWLI\LQJ IXQFWLRQDO YDULDQWV KDV DGGHG
FRQVLGHUDEOH NQRZOHGJH LQ HOXFLGDWLQJ DQ LQGLYLGXDOµV
VXVFHSWLELOLW\ +HUH ZH SURYLGH DQ H[DPSOH RI WKH
VXVFHSWLELOLW\ RI DQ LQGLYLGXDO GXULQJ WUDYHO WR D KLWKHUWR
KLGGHQ GLVRUGHU ZKLFK VXUIDFHV XSRQ H[SRVXUH WR D QHZ
HQYLURQPHQWVXFKDVK\SREDULFK\SR[LDRI+$7KHFDQGLGDWH
JHQH DQG KLJKWKURXJKSXW DSSURDFKHV KDYH DFKLHYHG
FRQVLGHUDEOHVXFFHVVLQHOXFLGDWLQJLQGLYLGXDOµVSUHGLVSRVLWLRQ
DQG SURYLGHG LQVLJKW LQWR WKH G\QDPLFV RI JHQRPHHYROXWLRQ
&RQIOXHQFLQJ ERWK WKH WUDGLWLRQDO DQG FRQWHPSRUDU\
DSSURDFKHV ZH LQYHVWLJDWHG VHYHUDO FDQGLGDWH JHQHV YL]
$QJLRWHQVLQ , FRQYHUWLQJ HQ]\PH $&( $QJLRWHQVLQRJHQ
$*7(QGRWKHOLDOQLWULFR[LGHV\QWKDVH126$OGRVWHURQH
V\QWKDVH &<3% (QGRWKHOLQ ('1 DQG $GUHQHUJLF
EHWD UHFHSWRU VXUIDFH $'5% LQ KHDOWK\ QDWLYH
+LPDOD\DQKLJKODQGHUV+/VDQGVRMRXUQHUVLH+LJKDOWLWXGH
SXOPRQDU\ HGHPDUHVLVWDQW FRQWURO +$3(U DQG +$3(
SDWLHQW +$3(S ,Q DGGLWLRQ WKH UHOHYDQW ELRPDUNHUV ZHUH
DOVRHVWLPDWHG:HLOOXVWUDWHRXUUHOHYDQWILQGLQJVZKLFKRQFH
HVWDEOLVKHG PD\ LQIOXHQFH SUHGLVSRVLWLRQ DQG WKHUDSHXWLFV
,QGLYLGXDO DOOHOHJHQRW\SH KDSORW\SHV JHQRW\SHVJHQHJHQH
LQWHUDFWLRQV DQG WKHLU FRUUHODWLRQ ZLWK SHUWLQHQW ELRPDUNHUV
ZHUHDQDO\]HG)XUWKHULQDJHQRPHZLGHVWXG\ZHFRPSDUHG
! 613V GLVWULEXWHG DFURVV WKH HQWLUH JHQRPH RI WZR
HWKQLFDOO\ VLPLODU SRSXODWLRQV FRQWUDVWLQJ DOWLWXGH UHVLGHQFH
7KH DOOHOHJHQRW\SH GLVWULEXWLRQ DW WKH VDPH ORFXV YDULHG
VLJQLILFDQWO\ DPRQJ WKHVH JURXSV 7KH DOOHOHV $&( ,
UV126*UVDQGE('1*
UVDQG&<3%±7UVZHUHKLJKHULQ
+/V WKDQ +$3(U S:KHUHDV RYHUUHSUHVHQWDWLRQ RI
'7DQGDDQG7DOOHOHVZDVREWDLQHGLQ+$3(SS
EHWZHHQ  DQG  ZKHQ FRPSDUHG DJDLQVW +$3(U
*HQRW\SHLQWHUDFWLRQV UHYHDOHG RYHUUHSUHVHQWDWLRQ RI **EE
RI 126 ,,** RI $&((1' LQ +$3(U WKDQ +$3(S
S7KHKLJKHU$&(DFWLYLW\HQGRWKHOLQDQGDOGRVWHURQH
OHYHOV DQG ORZHU QLWULF R[LGH OHYHO FRUUHODWHGZLWK UHVSHFWLYH
YDULDQWV LQ +$3(S S 7KH 0'5 PRGHO GHSLFWHG
$'5% SRO\PRUSKLVPV $* UV &*
UV DQG &$ UV DV WKH EHVW GLVHDVH
SUHGLFWLQJ FRPELQDWLRQ ZKHUHDV JUHDWHU SRZHU ZDV
GHPRQVWUDWHG E\ $'5% KDSORW\SHV WR SUHGLFW +$3( 7KH
JHQRPHZLGH FRPSDULVRQ FRUURERUDWHV GLIIHUHQFH LQ 613V RI
JHQHV RU UHJLRQV FORVH WR WKH DERYH FDQGLGDWH JHQHV 7KH
SDUWLFLSDWLRQ RI YDVFXODU KRPHRVWDVLV JHQHV LQ DGDSWDWLRQ WR
+$ HQYLURQPHQW LV SHUFHSWLEOH 7KH KLJK WKURXJKSXW JHQHWLF

















+HPDWRSRLHWLF GLIIHUHQWLDWLRQ LV VWULFWO\ UHJXODWHG E\ VHYHUDO
H[RJHQRXVIDFWRUVDQGWKHIUHTXHQF\DQGIXQFWLRQDOLPSDFWRI
DOWHUQDWLYHVSOLFLQJLQVWHPFHOOGLIIHUHQWLDWLRQSURFHVVDUH\HW
WR EH GHWHUPLQHG 'LVUXSWLRQV RI WKH LQWULFDWH VHTXHQFHV RI
WUDQVFULSWLRQDO DFWLYDWLRQ DQG VXSSUHVVLRQ RI PXOWLSOH JHQHV
FDQ FDXVH KHPDWRORJLFDO GLVHDVHV VXFK DV OHXNHPLDV
P\HORG\VSODVWLF V\QGURPHV 0'6 RU P\HORSUROLIHUDWLYH
V\QGURPHV 036 (OXFLGDWLQJ WKH SDWWHUQ DQG VHTXHQFH RI
JHQH H[SUHVVLRQ GXULQJ QRUPDO KHPDWRSRLHWLF FHOO
GHYHORSPHQW PD\ KHOS WR XQUDYHO WKH GLVHDVHVSHFLILF
PHFKDQLVPVLQKHPDWRSRLHWLFPDOLJQDQFLHV,QWKLVVWXG\XVLQJ
DQ YLWUR KHPDWRSRLHWLF PRGHO V\VWHP &' KXPDQ VWHPV
FHOOV LVRODWHG IURP KHDOWK\ LQGLYLGXDOV ZHUH VHOHFWLYHO\
LQGXFHG LQ YLWUR ZLWK WKH OLQHDJHVSHFLILF F\WRNLQHV VXFK DV
HU\WKURSRLHWLQ (32 JUDQXORF\WH FRORQ\VWLPXODWLQJ IDFWRUV
*&6) JUDQXORF\WH PDFURSKDJH FRORQ\VWLPXODWLQJ IDFWRUV
*0&6) DQG WKURPERSRLHWLQ 732 0LFURDUUD\ DQG
51$VHT EDVHG ZKROH WUDQVFULSWRPH DQDO\VLV ZDV SHUIRUPHG
RQ WKHVH GLIIHUHQWLDWHG FHOOV WR GHOLQHDWH WKH PRGXODWLRQV LQ
JHQH H[SUHVVLRQ DQG DOWHUQDWLYH VSOLFLQJ HYHQWV LI DQ\ GXULQJ
OLQHDJHVSHFLILF KHPDWRSRLHWLF FHOO GLIIHUHQWLDWLRQ*HQH OHYHO
DQDO\VLV RQ WKH +XPDQ  67 H[RQ DUUD\V LQGLFDWHG WKDW
GXULQJOLQHDJHVSHFLILFFHOOGLIIHUHQWLDWLRQPRUHWKDQJHQHV
VKRZHG VLJQLILFDQW PRGXODWLRQ LQ WKHLU OHYHO RI H[SUHVVLRQ
$QDO\VLV RI WKH H[RQ DUUD\V IRU DOWHUQDWLYH VSOLFLQJ GXULQJ
HU\WKURSRLHVLV JUDQXORSRLHVLV DQG PHJDNDU\RSRLHVLV
LGHQWLILHG  JHQHV WKDW LQFOXGH &$67 $73+ &/01
(3+; *$% 3735$ 5*6 6/&$ 67$%
73'/9:) WR EH VLJQLILFDQWO\ VSOLFHG GXULQJ
GLIIHUHQWLDWLRQ  51$VHT DQDO\VLV FRUURERUDWHG ZLWK WKH
PLFURDUUD\ GDWD RQ WR D ODUJH H[WHQW ERWK DW WKH JHQH OHYHO
5 DQGH[RQ OHYHO 5 DQDO\VLVRI VHOHFWHGJHQHV
2XU GDWD WKHUHE\ SURYLGHV VHYHUDO QHZ LQVLJKWV LQWR
XQGHUVWDQGLQJGLIIHUHQWLDWLRQDQGSUROLIHUDWLRQRIKXPDQVWHP
DQG SURJHQLWRU FHOOV 7KLV NQRZOHGJH RQ WKH QDWXUH RI VWHP
FHOOV DQG WKHPROHFXODU SURFHVV E\ZKLFK WKHVH FHOOV DFTXLUH
















)*) LV D UHFHQWO\ GLVFRYHUHG KRUPRQH WKDW UHJXODWHV WKH
KRPHRVWDVLV RI LQRUJDQLF SKRVSKDWH 3L DQG YLWDPLQ '
0XWDWLRQV WKDWJHQHUDWHD ORVVRI IXQFWLRQ LQ)*)FDXVHD
FRPPRQO\ SUHYDOHQW GLVRUGHU LQ WKH0LGGOH (DVW DQG $IULFD
NQRZQDV)DPLOLDOWXPRUDOFDOFLQRVLV)7&*DLQRIIXQFWLRQ
PXWDWLRQV LQ WKH KRUPRQH FDXVH DXWRVRPDO GRPLQDQW
K\SRSKRVSKDWHPLFULFNHWV$'+57RGDWHWKHRQO\PHWKRG
WR GLDJQRVH GHIHFWV LQ)*) LV'1$ VHTXHQFH DQDO\VLV ,Q
WKLV LQYHVWLJDWLRQ ZH UHSRUW D UDSLG DQG VLPSOH PHWKRG WR
GLDJQRVH JDLQ RU ORVV RI IXQFWLRQ LQ )*) XVLQJ
DPSOLILFDWLRQ UHIUDFWRU\ PXWDWLRQ V\VWHP $5063&5 :H
HPSOR\HG LQYLWURVLWHGLUHFWHGPXWDJHQHVLV$5063&5DQG
'1$VHTXHQFHDQDO\VLV WRSURGXFHDUDSLGGLDJQRVWLF WHVWIRU
)7& DQG$'+5 GXH WR GHIHFWV LQ )*) 5HVXOWV ,Q YLWUR




WR LGHQWLI\ HDFK RI WKH PXWDWLRQV DQG ZH RSWLPL]HG WKH
FRQGLWLRQV UHTXLUHG WR UXQ WKH SURFHGXUH 7R YDOLGDWH RXU
GLDJQRVWLF PHWKRG ZH WHVWHG WZR ODUJH 0LGGOH (DVW FODQV
FOLQLFDOO\ GLDJQRVHG ZLWK )7& 2XU UHVXOWV LQGLFDWH WKH
VXFFHVVIXOXVHRI WKLVPHWKRG WRGLDJQRVHGHIHFWV LQ)*)
7KLVGLDJQRVWLFPHWKRGVLPSOLILHVDQGDFFHOHUDWHVWKHGHWHFWLRQ
RI )7& DQG $'+5 GXH WR PXWDWLRQV LQ )*) LQ DQ DUHD
ZKHUHWKH'1$VHTXHQFHDQDO\VLVLVFRVWO\DQGQRWFRPPRQO\
IRXQG7KHKLJKSUHYDOHQFHRI)7&LVPRVWOLNHO\GXHWRKLJK
UDWHV RI FRQVDQJXLQLW\ LQ WKLV DUHD )RU WKLV UHDVRQ WKH
GHYHORSPHQW RI UDSLG DQG VLPSOH PHWKRGV RI GLDJQRVLV IRU
JHQHWLFGLVHDVHVLVLPSRUWDQWLQSUHQDWDOJHQHWLFVFUHHQLQJDQG
WR LGHQWLI\ FDUULHUV RI WKH GLVRUGHU DQG FRQGXFW SURSHU



















-XYHQLOH UKHXPDWRLG DUWKULWLV -5$ LV WKH PRVW FRPPRQ
UKHXPDWLFGLVHDVHLQFKLOGKRRG6WURQJHYLGHQFHVVXJJHVWWKDW
WKH HWLRORJ\ RI WKH GLVHDVH LQYROYH ERWK JHQHWLF DQG
HQYLURQPHQWDO IDFWRUV 1).% LV D PDMRU WUDQVFULSWLRQ
UHJXODWRU RI LPPXQH UHVSRQVH DSRSWRVLV DQG FHOOJURZWK
FRQWURO JHQHV 2YHU WLPH HYLGHQFH KDV DFFXPXODWHG
LPSOLFDWLQJ 1).% DV D PHGLDWRU RI DXWRLPPXQLW\ DQG
SRWHQWLDO WKHUDSHXWLF WDUJHW IRU WUHDWLQJ DXWRLPPXQH GLVHDVHV
2Q WKLV ZD\ ZH DQDO\]HG ILYH VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV 613V ORFDWHG RQ LQWURQ  RI 1).% JHQH
$QDO\VLV LQ VLOLFR VKRZHG WKDW WKHVH  613V FDQ KDYH D
ELRORJLFDO LPSOLFDWLRQ DIIHFWLQJ DQ HQKDQFHU 2EMHFWLYH 7R
GHWHUPLQH ZKHWKHU 613V ORFDWHG LQ WKH 1).% JHQH
1).%B UV7& 1).%B UV7&
1).%B UV$* 1).%B UV&7
1).%BUV&7DUHDVVRFLDWHGZLWKVXVFHSWLELOLW\WR
-5$LQ0H[LFDQSRSXODWLRQ7KLVVWXG\LQFOXGHGSDWLHQWV




 H[RQXFOHDVH DVVD\ 7DT0DQ 7KH DVVRFLDWLRQ WHVW +DUG\
:HLQEHUJ(TXLOLEULXP+:(DQGKDSORW\SHVZHUHHYDOXDWHG
XVLQJ (3,'$7 ),1(77, DQG +DSORYLHZ VRIWZDUHV
UHVSHFWLYHO\ %RWK FDVHV DQG FRQWUROV ZHUH LQ +:(
'LIIHUHQFHV EHWZHHQ FDVHV DQG FRQWUROV ZHUH REVHUYHGZKHQ
ZH FRPSDUHG WKH JHQRW\SH DQG DOOHOH GLVWULEXWLRQV
1).%B7& 25  S  1).%B7& 25 
S 1).%B$*25S 1).%B&725
 S  DQG 1).%B&7 25  S  7KH
KDSORW\SH &&*77 FDUU\LQJ DOO PLQRU DOOHOHV VKRZHG
SURWHFWLRQ ZLWK -5$ 25  S  3DLUZLVH OLQNDJH
GLVHTXLOLEULXP /' EHWZHHQ613V VKRZHG D U ! 7KH
613V 1).%B7& 1).%B7& 1).%B$*
1).%B&71).%B&7DQGWKH&&*77KDSORW\SHZHUH
DVVRFLDWHG ZLWK -5$ ,W LV SRVVLEOH WKDW WKHVH 613V FDQ EH
LPSRUWDQW LQ WKH ELRORJLFDO IXQFWLRQ RI 1).%
$FNQRZOHGJHPHQWV7KLVVWXG\ZDVVXSSRUWHGE\WKH&RQVHMR















%UHDVW FDQFHU LV WKH OHDGLQJ FDQFHU DPRQJ IHPDOHV DQG
FRPSULVHV  RI DOO IHPDOH FDQFHU FDVHV LQ8QLWHG$UDE
(PLUDWH8$(7KHPRUWDOLW\UDWHDVKLJKDVFRPSDUHG
ZLWK  IRU 86$ ,W DFFRXQWV IRU  RI DOO IHPDOH
GHDWKV :RPHQ IURP 8$( WHQG WR GHYHORS EUHDVW FDQFHU DW
OHDVW D GHFDGH HDUOLHU WKDQ WKHLU FRXQWHUSDUWV LQ :HVWHUQ
FRXQWULHV ZKLFK PD\ LQGLFDWH D KLJK JHQHWLF IDFWRU:RPHQ
ZKRFDUU\%5&$PXWDWLRQVKDYHDSUREDELOLW\DERXWIRU
GHYHORSLQJ EUHDVW FDQFHU DQG  WR  IRU GHYHORSLQJ
RYDULDQFDQFHUGXULQJ WKHLU OLIHWLPH/LWHUDWXUHRQ WKHJHQHWLF
SUHGLVSRVLWLRQ RI EUHDVW FDQFHU LV YHU\ OLPLWHG LQ 8$( 7KH
DLPVRIWKLVVWXG\ZHUHWR,QYHVWLJDWHDQGDQDO\]HWKHUROH
RI JHQHWLF IDFWRU LQ EUHDVW FDQFHU IURP 8$( SDWLHQWV ZLWK
HLWKHU HDUO\RQVHW EUHDVW FDQFHU DW DJH    \HDUV RU D
SRVLWLYH IDPLO\ KLVWRU\  7KH SRVVLELOLW\ RI VHWWLQJ XS D
VFUHHQLQJ DQG GLDJQRVWLF ODERUDWRU\  'UXJ IRUPXODWLRQ IRU
EUHDVWFDQFHU WUHDWPHQW ,QFROODERUDWLRQZLWK*0&$MPDQ
7DZDP$ODLQ$O:DVO'XEDL+RVSLWDOVDQG6KDLNK.KDOLID
0HGLFDO &LW\ $EX 'KDEL SHULSKHUDO EORRG VDPSOHV ZLOO EH
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FROOHFWHGIURPZRPHQZLWKHLWKHUHDUO\RQVHWEUHDVWFDQFHURU
D SRVLWLYH IDPLO\ KLVWRU\ RI EUHDVW FDQFHU0XWDWLRQV ZLOO EH
GHWHFWHGIURP%5&$JHQHE\3URWHLQ7UXQFDWLRQ7HVW377














,Q YLHZ RI DQ LQFUHDVHG ULVN RI KDYLQJ UHFXUUHQW DERUWLRQ
FRQJHQLWDOO\ DEQRUPDO FKLOGUHQ DQG FDUULHUV JHQHWLF
FRXQVHOLQJ LV JUHDWO\ UHTXLUHG $ WRWDO RI  FDVHV KDYLQJ
GLIIHUHQWJHQHWLFGLVRUGHUVZHUHUHIHUUHGIURPJHQHWLFFOLQLFVWR
WKH+XPDQ&\WRJHQHWLF'HSDUWPHQW IRU FKURPRVRPDO VWXGLHV
RYHU D SHULRG RI \HDUV:HDLPHG WR XVH),6+ IRU GHILQLWH
GLDJQRVLVRIVRPHJHQHWLFGLVRUGHUVVXEPLFURVFRSLFGHOHWLRQV
VH[ FKURPRVRPHV DEQRUPDOLWLHV FU\SWLF WUDQVORFDWLRQ DQG
FRPSOH[ FKURPRVRPDO UHDUUDQJHPHQWV  $FFRUGLQJ WR WKH
UHIHUUDOFDXVHFDVHVZHUHFDWHJRUL]HGLQWRJHQHWLFFRXQVHOLQJ
UHSUHVHQWLQJ  RI WKH ZKROH UHIHUUHG FDVHV &16
PDOIRUPDWLRQ DQG GHYHORSPHQWDO GHOD\ UHSUHVHQWLQJ 
'RZQ V\QGURPH UHSUHVHQWLQJ   SUHPDULWDO FRXQVHOLQJ
UHSUHVHQWLQJ  VKRUW VWDWXUH UHSUHVHQWLQJ  UHSHDWHG
DERUWLRQ UHSUHVHQWLQJ  PHQWDO UHWDUGDWLRQ UHSUHVHQWLQJ
 DPELJXRXV JHQLWDOLD UHSUHVHQWLQJ  DQG G\VPRUSKLF
FDVHV UHSUHVHQWLQJ   $OO FDVHV ZHUH VXEMHFWHG WR
VWDQGDUG F\WRJHQHWLF WHFKQLTXH *7* EDQGLQJ DQG VSHFLDO
WHFKQLTXHV IRU VRPH FDVHV DFFRUGLQJ WR WKH SURYLVLRQDO
GLDJQRVLVFKURPRVRPDODQDO\VLVZDVSHUIRUPHGWRWKHSDUHQWV
RIFDVHVZLWKFKURPRVRPDODEHUUDWLRQV2XUUHVXOWVKRZHGWKDW
 RI DOO VWXGLHG FDVHV KDG YDULRXV FKURPRVRPDO
DEQRUPDOLWLHVRIZKLFKDQHXSORLG\ZDVWKHPRVWFRPPRQDQG
UHSUHVHQWHG  WULVRP\  UHSUHVHQWHG  DQG VH[
FKURPRVRPH DEQRUPDOLWLHV UHSUHVHQWHG  &\WRJHQHWLF
DEQRUPDOLWLHVZHUHIXUWKHULQYHVWLJDWHGE\)OXRUHVFHQFHLQVLWX
+\EULGL]DWLRQ XVLQJ YDULRXV ),6+ SUREHV IRU FRQILUPDWLRQ
LGHQWLILFDWLRQ DQG SUHFLVH GLDJQRVLV RI WKH GHWHFWHG
FKURPRVRPDODEQRUPDOLWLHV LQFDVHV 3UREHVXVHG
ZHUH ORFXV VSHFLILF /6, IRU  FDVHV IRU LGHQWLILFDWLRQ RI
PLFURGHOHWLRQ V\QGURPHV 3UDGHU:LOOL :LOOLDP
'L*HRUJH9&)0LOOHU'LHFNHU.DOOPDQDQG&ULGXFKDWDQG
GHOHWLRQ RI VSHFLILF ORFL FDYHUQRXV KHPDQJLRPD DQG
LFWK\RVLV VH[ FKURPRVRPH DEQRUPDOLWLHV IRU  FDVHV
FHQWURPHULF&(3;<IRUFDVHVLGHQWLILFDWLRQRIDXWRVRPDO
PDUNHUV IRU  FDVHV WUDQVORFDWLRQ FRQILUPDWLRQ RI  FDVHV
WHORPHULF DOO KXPDQ WHORPHUHV WRWDO VXEWHORPHULF SDQHO DQG
FDQFHU ),6+ 2XU VWXGLHV GHPRQVWUDWH WKDW ),6+ DQDO\VLV LV
RIWHQ UHTXLUHG LQDQHIILFLHQWPDQQHUDQG LQFRQMXQFWLRQZLWK
RWKHU WHFKQLTXHV IRU DFFXUDWH GLDJQRVLV DQG FRQILUPDWLRQ RI












%UHDVW FDQFHU LV D FRPPRQ W\SH RI FDQFHU ZLWK RYHU WZR
PLOOLRQQHZO\GLDJQRVHGFDVHVDQQXDOO\ZRUOGZLGH ,Q6XGDQ
EUHDVWFDQFHU LV WKHPRVWFRPPRQFDQFHUFRPSULVLQJRI
DOO FDQFHU SDWLHQWV  7KH IXQFWLRQDOO\ GHIHFWLYH PXWDWLRQV LQ
%5&$DQG%5&$JHQHVDUHUHVSRQVLEOHIRUXSWRRIDOO
EUHDVW FDQFHU SDWLHQWV ZKLOH RWKHU JHQHV VRFDOOHG ORZ
SHQHWUDQFH JHQHV DFFRXQW IRU WKH UHPDLQGHU RI EUHDVW FDQFHU
SDWLHQWV $PRQJ WKRVH SRVVLEOH ORZ SHQHWUDQFH FDQGLGDWH
JHQHV IRU EUHDVW FDQFHU LV 33% JHQH  6LQFH VLQJOH
QXFOHRWLGHSRO\PRUSKLVP613LVWKHPRVWIUHTXHQWDQGPRVW
VXEWOH JHQHWLF YDULDWLRQ LQ WKH KXPDQ JHQRPH DQG KDV JUHDW






DJH PDWFKHG KHDOWK\ FRQWUROV IRU  613V LQ 3%3 WXPRU
VXSSUHVVHU JHQH QDPHO\ *OX  $VS RU & * >GE 613
UV@ DQG *O\  6HU >GE 613UV@7KH UROH RI
WKHVH SRO\PRUSKLVP   LQ EUHDVW FDQFHU VXVFHSWLELOLW\ ZHUH
LQYHVWLJDWHGXVLQJERWKFRQYHQWLRQDOJHQRW\SLQJWHFKQLTXHDQG
KLJKWKURXJKSXW7DJ0DQDOOHOLFGLVFULPLQDWLRQPHWKRG613
VFRULQJ PHWKRGV XVLQJ 5HDO7LPH 3&5 WHFKQLTXH 'DWD RQ
FOLQLFDO IHDWXUHV DQGGHPRJUDSKLF GHWDLOVZHUH FROOHFWHG7KH
DVVRFLDWLRQ EHWZHHQ WKH FDVHFRQWURO VWDWXV DQG HDFK 6LQFH
WLPH XQNQRZQ KLJKDOWLWXGH +$ KDV DWWUDFWHGPDQNLQG IRU
YDULRXVUHDVRQVDVDFRQVHTXHQFHPRVWRIWKHKLJKPRXQWDLQV
KDYH EHHQ ZLGHO\ WUHNNHGWUDYHOOHG ,Q WKH SURFHVV PDQNLQG
VXIIHUHGRI ORFDOFDODPLWLHVDQG+$GLVRUGHUVKRZHYHU LWGLG
QRW GHWHU DQG VXFFHHGHG LQ RYHUFRPLQJ RGGV E\ HVWDEOLVKLQJ
SHUPDQHQWUHVLGHQFHWRWKHVHKLJKPRXQWDLQV)XUWKHUPRUHWKH
VHDODQGUHVLGHQWV WUDYHO WR WKHVHDOWLWXGHV IRUYDULRXVUHDVRQV
LQ VSLWH RI WKUHDWV WR OLIH GXH WR H[WUHPH HQYLURQPHQW
DORQJVLGH LQ SDFNDJH FDPH DGDSWDWLRQ RU +$ GLVHDVHV YL]
$FXWH RU FKURQLF PRXQWDLQ VLFNQHVVHV +LJKDOWLWXGH
SXOPRQDU\ K\SHUWHQVLRQ +$ SXOPRQDU\ HGHPD +$3( DQG
+$ FHUHEUDO HGHPD +$&( &OLQLFDO DQG SK\VLRORJLFDO
DVSHFWV DVVRFLDWLQJ ZLWK DJJUDYDWLRQ RI D KHDOWK FRQGLWLRQ
GXULQJ WUDYHO DUHZHOO HVWDEOLVKHGZKHUHDV JHQHWLF DSSURDFK
LQ LGHQWLI\LQJ IXQFWLRQDO YDULDQWV KDV DGGHG FRQVLGHUDEOH
NQRZOHGJH LQ HOXFLGDWLQJDQ LQGLYLGXDOµV VXVFHSWLELOLW\+HUH




DFKLHYHG FRQVLGHUDEOH VXFFHVV LQ HOXFLGDWLQJ LQGLYLGXDOµV
SUHGLVSRVLWLRQ DQG SURYLGHG LQVLJKW LQWR WKH G\QDPLFV RI
JHQRPHHYROXWLRQ &RQIOXHQFLQJ ERWK WKH WUDGLWLRQDO DQG
FRQWHPSRUDU\ DSSURDFKHV ZH LQYHVWLJDWHG VHYHUDO FDQGLGDWH
JHQHV YL] $QJLRWHQVLQ , FRQYHUWLQJ HQ]\PH $&(
$QJLRWHQVLQRJHQ $*7 (QGRWKHOLDO QLWULF R[LGH V\QWKDVH
126 $OGRVWHURQH V\QWKDVH &<3% (QGRWKHOLQ
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('1 DQG $GUHQHUJLF EHWD UHFHSWRU VXUIDFH $'5%
LQKHDOWK\QDWLYH+LPDOD\DQKLJKODQGHUV+/VDQGVRMRXUQHUV
LH+LJKDOWLWXGHSXOPRQDU\HGHPDUHVLVWDQWFRQWURO+$3(U
DQG +$3(SDWLHQW +$3(S ,Q DGGLWLRQ WKH UHOHYDQW
ELRPDUNHUV ZHUH DOVR HVWLPDWHG :H LOOXVWUDWH RXU UHOHYDQW
ILQGLQJVZKLFKRQFHHVWDEOLVKHGPD\LQIOXHQFHSUHGLVSRVLWLRQ
DQG WKHUDSHXWLFV ,QGLYLGXDO DOOHOHJHQRW\SH KDSORW\SHV
JHQRW\SHVJHQHJHQH LQWHUDFWLRQV DQG WKHLU FRUUHODWLRQ ZLWK
SHUWLQHQWELRPDUNHUVZHUHDQDO\]HG)XUWKHULQDJHQRPHZLGH
VWXG\ZHFRPSDUHG!613VGLVWULEXWHGDFURVVWKHHQWLUH
JHQRPH RI WZR HWKQLFDOO\ VLPLODU SRSXODWLRQV FRQWUDVWLQJ
DOWLWXGHUHVLGHQFH7KHDOOHOHJHQRW\SHGLVWULEXWLRQDWWKHVDPH
ORFXV YDULHG VLJQLILFDQWO\ DPRQJ WKHVH JURXSV 7KH DOOHOHV
$&(,UV126*UVDQGE('1
* UV DQG &<3% ±7 UV ZHUH
KLJKHU LQ +/V WKDQ +$3(U S :KHUHDV RYHU
UHSUHVHQWDWLRQ RI ' 7 DQG D DQG 7 DOOHOHV ZDV
REWDLQHG LQ +$3(S S EHWZHHQ  DQG  ZKHQ
FRPSDUHG DJDLQVW +$3(U *HQRW\SHLQWHUDFWLRQV UHYHDOHG
RYHUUHSUHVHQWDWLRQRI**EERI126 ,,**RI$&((1'
LQ+$3(U WKDQ+$3(S S7KH KLJKHU$&(DFWLYLW\
HQGRWKHOLQDQGDOGRVWHURQHOHYHOVDQGORZHUQLWULFR[LGHOHYHO
FRUUHODWHGZLWKUHVSHFWLYHYDULDQWVLQ+$3(SS7KH
0'5 PRGHO GHSLFWHG $'5% SRO\PRUSKLVPV $*
UV &* UV DQG &$ UV DV
WKH EHVW GLVHDVH SUHGLFWLQJ FRPELQDWLRQ ZKHUHDV JUHDWHU
SRZHU ZDV GHPRQVWUDWHG E\ $'5% KDSORW\SHV WR SUHGLFW
+$3(7KHJHQRPHZLGHFRPSDULVRQFRUURERUDWHVGLIIHUHQFH
LQ 613V RI JHQHV RU UHJLRQV FORVH WR WKH DERYH FDQGLGDWH
JHQHV 7KH SDUWLFLSDWLRQ RI YDVFXODU KRPHRVWDVLV JHQHV LQ
DGDSWDWLRQ WR +$ HQYLURQPHQW LV SHUFHSWLEOH 7KH KLJK
WKURXJKSXW JHQHWLF WRROV KDYH ODLG D SODWIRUP WR GLDJQRVH
JHQHWLF PDUNHUV RI SUHGLVSRVLWLRQ WR +$ DGDSWDWLRQPDO
DGDSWDWLRQ 613 PHDVXUHG E\ WKH RGGV UDWLR DQG LWV
FRUUHVSRQGLQJ  FRQILGHQFH LQWHUYDO ZDV HVWLPDWHG XVLQJ
XQFRQGLWLRQDOORJLVWLFUHJUHVVLRQPRGHOV$WWKHVHFRQGVWDJH
WRZZD\ LQWHUDFWLRQV ZHUH LQYHVWLJDWHG XVLQJ PXOWLYDULDWH
ORJLVWLF PRGHOV *HQRW\SLF DQG DOOHOLF IUHTXHQFLHV RI WKH
3%3 *OX$VS DQG RI 3%3 *O\6HU ODFN
DVVRFLDWLRQZLWKUHVSHFWWREUHDVWFDQFHUULVNZKHQFRQVLGHUHG
LQRYHUDOOVWUDWLILFDWLRQDFFRUGLQJWRPHQRSDXVDOVWDWXVVKRZV
D PRGHVW LQFUHDVH RI ULVN DPRQJ KRPR]\JRXV FDUULHU RI
3%36HU6HU3  25 &,
LQ SRVW PHQRSDXVDO SDWLHQWV FRPSDUHG WR SRVWPHQRSDXVDO
FRQWUROZRPHQ DQG RI 6HU DOOHOHV FDUULHU 3  25  
 &,   1R VLJQLILFDQW DVVRFLDWLRQV ZHUH VHHQ
DPRQJKRPR]\JRXVFDUULHURI3%3$VS$VSQHLWKHURI
*OXDOOHOHVYHUVXV$VSDOOHOHVLQWKHPHQRSDXVDOVXEJURXS,Q
WKH KDSORW\SH RI WKH  613V RI 3%3 QR VLJQLILFDQW
DVVRFLDWLRQV ZHUH REVHUYHG QRU ZKHQ WKH JHQRW\SH
LQYHVWLJDWHG LQ RYHUDOO WR WKH EUHDVW FDQFHU ULVN *HQHWLF
HSLGHPLRORJ\ VWXG\ UHSOLFDWLRQ DQG IXQFWLRQDO DVVD\ RI WKHVH
613V DV ZHOO DV RI KDSORW\SHV VKRXOG SHUPLW D EHWWHU
















WKH PDMRU FDXVH IRU QHRQDWDO PRUWDOLW\ DQG PRUELGLW\
ZRUOGZLGH7KHLQFLGHQFHRI37%DFFRXQWVIRUDSSUR[LPDWHO\
 DQG WKLV VWDWLVWLF KDV QRW EHHQ GHFUHDVLQJ HYHQZLWK WKH
DGYDQFHPHQWRIWKHPHGLFDOWHFKQRORJ\37%LVPXOWLIDFWRULDO
DQG WKH RFFXUUHQFH FDQ YDU\ DPRQJVW HWKQLFLWLHV 2QH RI WKH
WKHRULHV 37% PD\ EH D UHVXOW RI DQ LQIODPPDWLRQ UHVSRQVH
WULJJHUHG DW WKH JHQHWLF OHYHO +HUH RQH RI WKH LPSRUWDQW
SRO\PRUSKLVP LQYROYHG LQ SUHWHUP ELUWK ZDV VWXGLHG WKH
7XPRUQHFURVLVIDFWRUDOSKDVSHFLILFDOO\DWWKHSRVLWLRQRI
LWV SURPRWHU UHJLRQ  2EMHFWLYH RI VWXG\ 7R GHWHUPLQH WKH
DVVRFLDWLRQ RI 7XPRU 1HFURVLV )DFWRU $OSKD 71)D
SRO\PRUSKLVP DQG WKH RFFXUUHQFH RI SUHWHUP ELUWK LQ WKH
0DOD\VLDQ SRSXODWLRQ  3HULSKHUDO EORRG ZHUH GUDZQ IURP
ZRPHQ RI WKH WKUHH PDMRU HWKQLF RI 0DOD\VLD QDPHO\ WKH
0DOD\V &KLQHVH DQG ,QGLDQV ZLWK OHVV WKDQ  ZHHNV RI
JHVWDWLRQ DV FDVH SUHWHUP DQG EHWZHHQ  WR  ZHHNV DV
FRQWUROWHUPZKRILWVWKHLQFOXVLRQDQGH[FOXVLRQFULWHULDDQG
VKRZLQJ VLJQ DQG V\PSWRPRI VSRQWDQHRXV ODERU5HDO7LPH





71)D  $* VLQJOH QXFOHRWLGH SRO\PRUSKLVP ZDV QRW
DVVRFLDWHG ZLWK WKH RFFXUUHQFH RI SUHWHUP ELUWK GI  S















3ODFHQWDO LQVXIILFLHQF\ 3, LV RQH RI WKH PRVW FRPPRQ




DQJLRWHQVLQFRQYHUWLQJ HQ]\PH $&( JHQH LQ WKH IRUPDWLRQ
RI KHUHGLWDU\ SUHGLVSRVLWLRQ WR WKH GHYHORSPHQW RI SODFHQWDO
LQVXIILFLHQF\LQZRPHQOLYLQJLQ.D]DQ7DWDUVWDQ7KHVDPSOH
LQ WKLV VWXG\ FRQVLVWHG RI  SUHJQDQW ZRPHQ  ZRPHQ
ZLWK 3, DQG  ZRPHQ ZLWK D QRUPDO SUHJQDQF\ *HQRPLF
'1$ ZDV H[WUDFWHG IURP VDPSOHV RI ZKROH EORRG LQ
DFFRUGDQFH ZLWK VWDQGDUG SKHQROFKORURIRUP PHWKRG 7KLV
SRO\PRUSKLVPZDVJHQRW\SHGXVLQJ5)/33&5DQDO\VLV'DWD
ZHUH DQDO\]HG XVLQJ &KLVTXDUH WHVW DQG  FRQILGHQFH
LQWHUYDO&,$QDO\VLVRIUHVXOWVVKRZHGWKDWWKHIUHTXHQF\RI
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DOOHOHV DQG JHQRW\SHV IRU WHVWHG SRO\PRUSKLF YDULDQW RI WKH
















+LQG,,,SRO\PRUSKLVP WDNHV D VSHFLDO SODFH EHFDXVH LW LV
DVVRFLDWHG ZLWK FDUGLRYDVFXODU GLVHDVHV DQG
K\SHUWU\JOLFHULGHPLD LQ VRPH SRSXODWLRQV 6R WKH DLP RI WKLV
VWXG\ZDV WR LQYHVWLJDWH WKHDVVRFLDWLRQEHWZHHQ WKH+LQG,,,
SRO\PRUSKLVPJHQH/3/ DQG VXVFHSWLELOLW\ WR DWKHURVFOHURVLV
$7LQWZRSRSXODWLRQV7DWDUVDQG5XVVLDQRIWKH5HSXEOLF
RI7DWDUVWDQ57:HDQDO\]HG WKH+LQG,,,SRO\PRUSKLVPRI
/3/ JHQH LQ  SDWLHQWV ZLWK $7 DQG  KHDOWK\ VXEMHFWV
*HQRW\SHVZHUH GHWHUPLQHGE\ WKH3&55)/3PHWKRG'DWD
ZHUH DQDO\]HG XVLQJ &KLVTXDUH WHVW DQG  FRQILGHQFH
LQWHUYDO &, 6WDWLVWLFDO DQDO\VLV VKRZHG WKDW WKH JHQRW\SH
++LVDPDUNHURIJHQHWLFSUHGLVSRVLWLRQWRWKH$7LQ7DWDUV
25  &, ÃÃÃ PRUHRYHU WKLV JHQRW\SH ZDV
DVVRFLDWHGZLWK WKH LQFUHDVHG ULVN IRU$7 LQPHQ RGGV UDWLR
25   Ã  &,  1R GLIIHUHQFHV LQ JHQRW\SH
IUHTXHQFLHV ZHUH REVHUYHG EHWZHHQ $7 DQG FRQWUROV IRU
VWXGLHGSRO\PRUSKLVPLQ5XVVLDQSRSXODWLRQRIWKH577KXVÃ














RQ WKH LQGLYLGXDO SDWLHQW
V SKHQRW\SHV OLNH FOLQLFDO VLJQV DQG
V\PSWRPVFRPELQHGZLWKPHWDW\SHV OLNHPHGLFDODQG IDPLO\
KLVWRU\ DQG GDWD IURP ODERUDWRU\ DQG LPDJLQJ HYDOXDWLRQ WR
GLDJQRVHDQGWUHDWLOOQHVVHV7KLVLVDUHDFWLYHDSSURDFKZKHUH
WKHWUHDWPHQWRUPHGLFDWLRQVWDUWVDIWHUWKHVLJQVDQGV\PSWRPV
DSSHDU DQG WUHDWHGZLWKJHQHULF RU EORFNEXVWHU GUXJV6RPH
RIWKHVHGUXJVZRUNZHOOIRUPDQ\SHRSOHEXWGRQRWZRUNIRU
PDQ\RWKHUV2U LWPLJKWFDXVHVHYHUHVLGHHIIHFWV IRUPDQ\
:K\ GR PHGLFLQHV DFW GLIIHUHQWO\ RQ GLIIHUHQW LQGLYLGXDOV"
%HFDXVH LQGLYLGXDOµV JHQHV OLIHVW\OH DJH HQYLURQPHQW
PLFUREHVDQGRYHUDOOKHDOWK LQIOXHQFHUHVSRQVH WRPHGLFLQHV
VFLHQFH LVPDWXULQJDQGZHDUHDWDSRLQWZKHUHZHFDQ ORRN
LQWR SHUVRQDOL]HG PHGLFLQH DQG KROLVWLF ZHOOEHLQJ LQVWHDG RI
MXVW UHDFWLYH KHDOWKFDUH ,Q KROLVWLFZHOOEHLQJZHZLOO ORRN DW
VSHFLILF JHQH YDULDWLRQV DQG WKH JHQRW\SHV JHQRW\SLQJ DQG
JHQHWLF VLJQDWXUHV OLNH H613 H47/ GHULYHG IURP *:$6
&19/'3RSXODWLRQJHQHWLFV([SUHVVLRQSURILOH,PSXWDWLRQ
DQDO\VLV HWF RI LQGLYLGXDOV DORQJVLGH WKH SKHQRW\SHV ZLWK
UHVSRQVHVWRSDUWLFXODUPHGLFDWLRQV$OVRLQKROLVWLFZHOOEHLQJ
ZH ZLOO ORRN DW LQGLYLGXDOµV SDUWLFLSDWRU\ UROH LQ GLDJQRVLV
ZKHUHLQGLYLGXDOVXVHWKHLUPRELOHGHYLFHDQGFRPPXQLFDWLRQ
QHWZRUNVWRUHFRUGFOLQLFDOHYHQWVDWWKHLQGLYLGXDOµVHQGWKHVH
HYHQWV FRPELQHGZLWK SDWLHQWµV KLVWRU\ DW WKH FOLQLFLDQµV HQG
ZLOOKHOSXQGHUVWDQGWKHOLIHVW\OHDQGHQYLURQPHQWDOIDFWRUVLQ
LOOQHVV ,Q DGGLWLRQ LQ KROLVWLF ZHOOEHLQJ ZH ZLOO ORRN LQWR
PHWDJHQRPLFV WR GHWHUPLQH WKHPLFUREH SRSXODWLRQ DQG WKHLU
HTXLOLEULXP ZLWKLQ DQG DURXQG WKH LQGLYLGXDO :LWK WKLV
LQIRUPDWLRQ GRFWRUV ZRXOG EH EHWWHU HTXLSSHG WR WDLORU
WUHDWPHQWV WR LQGLYLGXDOV $ PDUULDJH EHWZHHQ JHQHWLFV
HSLJHQHWLFV PHWDJHQHWLFV VWDWLVWLFDO ELRLQIRUPDWLFV DQG
LQIRUPDWLFV RSHQV XS WKH RSSRUWXQLW\ IRU SHUVRQDOL]HG
PHGLFLQH DQG SKDUPDFRJHQRPLFV WKDW RIIHUV WKH SURPLVH RI
SUHGLFWLQJ DQ LOOQHVV EHIRUH WKH\ KDSSHQ DQG ZKHWKHU D
PHGLFDWLRQ LV OLNHO\ WR KHOS RU KXUW WKH LQGLYLGXDO
3KDUPDFRJHQHWLFV DOVR WHUPHG SKDUPDFRJHQRPLFV LV DLPHG
DW WDLORULQJ GUXJ GLVFRYHU\ WR LGHQWLI\ WKHPROHFXOHV WKDW DUH
PRVWDSSURSULDWHIRUDQLQGLYLGXDORUKLVPHWDEROLFSURSHUWLHV
RU GHWHUPLQH WKH WKHUDS\ DQG D GRVDJH DSSURSULDWH IRU DQ
LQGLYLGXDO *HQHFHQWHUHG SKDUPDFRJHQHWLFV ZLOO DOVR VSHHG
WKHGHYHORSPHQWRIQRYHOWKHUDSHXWLFVDQGKDVWKHSRWHQWLDOWR
UHGXFH WKH FRVW RI WUHDWPHQW 7KLV WDON ZLOO DUWLFXODWH

























FKURQLF GLVHDVHV LQFOXGLQJ 7\SH  'LDEHWHV 7'
FDUGLRYDVFXODU GLVHDVH DQG FDQFHU ,Q WKH 8QLWHG $UDE
(PLUDWHV 8$( LW KDV EHHQ HVWLPDWHG WKDW VRPH WZHQW\
SHUFHQWRIDGXOWVVXIIHUIURPREHVLW\7KHLQFLGHQFHRI7'LQ
WKH8$( SRSXODWLRQ LV DOVR DPRQJ WKH KLJKHVW LQ WKHZRUOG
7R LGHQWLI\ IDFWRUV WKDW UHVXOW LQ REHVLW\ DQG LWV DVVRFLDWLRQ
ZLWK 7'ZH FRQGXFWHG D*HQRPH:LGH$VVRFLDWLRQ 6WXG\
*:$6 DQG VSHFLILFDOO\ DVVHVVHG JHQHWLF DVVRFLDWLRQV ZLWK

%RG\ 0DVV ,QGH[
 %0, DQG 
:DLVW &LUFXPIHUHQFH
 :&
*:$6 DQDO\VLV RI  LQGLYLGXDOV LQ DQ H[WHQGHG IDPLO\ RI
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$UDE GHVFHQW UHYHDOHG IRXU ORFL WKDW UHDFKHG JHQRPHZLGH
VLJQLILFDQFH WZR RI ZKLFK ZHUH IRXQG LQ SUHYLRXV VWXGLHV
7KH SUHYLRXVO\ GHVFULEHG DVVRFLDWLRQ EHWZHHQ WKH 6LQJOH
1XFOHRWLGH3RO\PRUSKLVP613DWSRVLWLRQUVZLWKLQ
WKH $'$0 ORFXV LGHQWLILHG WKURXJK PHWDDQDO\VLV RI D
*:$6 VWXG\ RI VXEMHFWV RI &DXFDVLDQ GHVFHQW ZDV DOVR
VKRZQWREHDVVRFLDWHGZLWKWKHGLVHDVHLQ$UDEVS (
  2XU VWXG\ DOVR FRQILUPHG WKH DVVRFLDWLRQ EHWZHHQ 613V





FKURPRVRPH  ZDV IRXQG WR EH DVVRFLDWHG ZLWK %0, S
















&KURPRVRPDO UHDUUDQJHPHQWV LQYROYLQJ FKURPRVRPH < DQG




UXOH RXW WKH SUHVHQFH RI GRXEOH VDWHOOLWHV RQ S 7KH
QHJDWLYH UHVXOWV RI 125 LQGLFDWHG WKDW LW LV D HXFKURPDWLF
UHJLRQ7KHUHZDVQRHYLGHQFHRI<FKURPRVRPHPDWHULDORQ
DQ\ RI WKH FKURPRVRPHV DQDO\]HG E\ 4 EDQGLQJ DQG '$3,
VWDLQLQJZKLFK KLJKOLJKWV WKH KHWHURFKURPDWLF UHJLRQ+HQFH
ZHFRQFOXGHG WKDW WKHDGGLWLRQDOPDWHULDORQFKURPRVRPH
LV OLNHO\ WR EH RI < RULJLQ )XUWKHU PROHFXODU F\WRJHQHWLF
DQDO\VLV ZLWK )OXRUHVFHQFH LQ VLWX K\EULGL]DWLRQ ),6+ ZDV
SHUIRUPHG WR LGHQWLI\ WKH UHDUUDQJHG FKURPRVRPH :KROH
FKURPRVRPH SDLQW :&3 ZLWK FKURPRVRPH  SUREH DOVR
VKRZHG WKDW WKH S UHJLRQ LV IURP D GLIIHUHQW FKURPRVRPH
),6+ZLWK DOSKRLG UHSHDW'<= VKRZHG VLJQDO DOPRVW DW WKH
WHUPLQDO UHJLRQRI WKHUHDUUDQJHGFKURPRVRPH LQGLFDWLQJ WKDW
WKH < FKURPRVRPH LV WUDQVORFDWHG RQ WR FKURPRVRPH 
6XEVHTXHQWO\:&3IRU<FKURPRVRPHZDVDOVRSHUIRUPHGWR
FRQILUP WKH WUDQVORFDWLRQ ),6+ ZLWK $OSKRLG  SUREH ZDV
GRQH WR FRQILUP WKH GLFHQWULF VWDWXV RI WKH UHDUUDQJHG
FKURPRVRPH%RWK WKH IDWKHUDQGVLEOLQJµVNDU\RW\SHVKRZHG
QRUPDO<FKURPRVRPH,QRXUFDVHWKHKHWHURFKURPDWLQUHJLRQ
RI<FKURPRVRPH LVQRW VHHQDQGDOVR WKHYHU\VPDOO VL]HRI






DOVR WKH SUHVHQFH RI 65< UHJLRQ LV XQGHUZD\ 2XU
LQYHVWLJDWLRQVKHOSLQLGHQWLI\LQJWKHFU\SWLFUHDUUDQJHPHQWVRI















'1$ ZUDSSHG DURXQG  KLVWRQH SURWHLQV ZLWK D QRUPDO
GLVWDQFHRIESEHWZHHQWKHHQGRIRQHQXFOHRVRPHDQG
WKHEHJLQQLQJRI WKHQH[W7UDQVFULSWLRQIDFWRUV7)VELQG WR
SURPRWHUV DQG GLVWDO UHJXODWRU\ HOHPHQWV LQ UHJLRQV IUHH RI
QXFOHRVRPHV DQG UHJXODWH WKH DFWLYLW\ RI QHDUE\ JHQHV
3URPRWHUVORFDWHGXSVWUHDPRIJHQHVDUHZHOONQRZQEXWGLVWDO
UHJXODWRU\HOHPHQWVDUHDWSUHVHQWSRRUO\GHILQHGDVWRORFDWLRQ
DQG VL]H:H XVHG FKURPDWLQ LPPXQRSUHFLSLWDWLRQ DQG ODUJH
VFDOH VHTXHQFLQJ &K,3VHT LQ WKH OLYHU GHULYHG FHOO OLQH
+HS*WRPDSVHYHUDO7)VWKDWELQGWRGLVWDOJHQHUHJXODWRU\
HOHPHQWV DQG 51$ 3RO ,, ZKLFK ELQGV WR SURPRWHUV ,Q
DGGLWLRQ ZH WUHDWHG FKURPDWLQ ZLWK 01DVH , WR FUHDWH
PRQRQXFOHRVRPHVWKDWZHUHVXEMHFWWRODUJHVFDOHVHTXHQFLQJ
01DVHVHT 7R DSSO\ WKH VWUDWHJ\ WR D JHQH RI PHGLFDO
LQWHUHVWZHVWXGLHG613VDVVRFLDWHGZLWKGRVHUHTXLUHPHQWRI
WKH GUXJ ZDUIDULQ ZKLFK LV FRPPRQO\ XVHG WR SUHYHQW
WKURPERVLV*:$6VWXGLHVKDYHLGHQWLILHGPDQ\613VLQKLJK
OLQNDJH GLVHTXLOLEULXP LQ DQG DURXQG WKH 9.25& JHQH
DVVRFLDWHGZLWKGRVHRIZDUIDULQEXWWKHIXQFWLRQDORQHKDVQRW
EHHQ LGHQWLILHG $W WKHVH 613V ZH DOVR SHUIRUPHG T3&5 RI
'1$ LVRODWHG XVLQJ IRUPDOGHK\GH DVVLVWHG LVRODWLRQ RI
UHJXODWRU\ HOHPHQWV )$,5( WR GHWHFW QXFOHRVRPHIUHH
UHJLRQV LH VHTXHQFHV ZLWK UHJXODWRU\ SRWHQWLDO :H IRXQG
 VLWHV ERXQG E\ WKH 7) +1)D  VLWHV ERXQG E\
)2;$DQGERXQGE\ERWKRI WKHP WKHJUHDWPDMRULW\
ORFDWHG IDU IURP DQQRWDWHG WUDQVFULSWLRQ VWDUW VLWHV :LWK
01DVHVHT ZH REWDLQHG  PLOOLRQ DOLJQHG UHDGV DQG XVHG
WKHPWRJHQHUDWHIRRWSULQWVDURXQGELQGLQJVLWHVIRULQGLYLGXDO
DQG SDLUV RI 7)V ,Q DOO FDVHV WKH SDWWHUQ RI QXFOHRVRPHV
VXJJHVWV WKDW RQH QXFOHRVRPH LV GLVSODFHG DW UHJXODWRU\
HOHPHQWV 6LQFH WKH VWXGLHG 7)V ELQG WR GLVWDO HOHPHQWV WKLV
VXJJHVWV WKDW WKH SDWWHUQ LV SUHVHQW DW PRVW HQKDQFHUV DQG
VLOHQFHUV7RYDOLGDWH WKHILQGLQJVZHJHQHUDWHGIRRWSULQWVRI
QXFOHRVRPHV DURXQG SXEOLF (1&2'( GDWD RI '1DVH ,
K\SHUVHQVLWLYLW\VLWHV ORFDWHGPRUH WKDQNEIURPSURPRWHUV
$OVR LQ WKHVH UHJLRQV WKH GDWD VXJJHVWV WKDW D VLQJOH
QXFOHRVRPH KDV EHHQ UHPRYHG 2XW RI  WHVWHG 9.25&
613VDUHORFDWHGLQQXFOHRVRPHIUHHUHJLRQVDVGHWHUPLQHG
E\01DVHVHTDQGT3&5RI)$,5('1$ZKLFKLQGLFDWHVWKDW
WKH\PD\EH IXQFWLRQDO 2XU UHVXOWV LQGLFDWH WKDWPRVWGLVWDO
UHJXODWRU\HOHPHQWVDUHJHQHUDWHGWKURXJKWKHUHPRYDORIRQH
QXFOHRVRPH ZKLFK LV UHSODFHG E\ 7)V ELQGLQJ WR WKRVH
VHTXHQFHV :H XVHG VHYHUDO FKURPDWLQ VLJQDOV WR SULRULWL]H
DPRQJ9.25&613VDVVRFLDWHGZLWKGRVHRIZDUIDULQ DQG
IRXQG WKDW PRVW RI WKHP DUH ORFDWHG LQ FKURPDWLQ ZLWKRXW
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:HKDYH SUHYLRXVO\ SHUIRUPHG D JHQRPHZLGH OLQNDJH VWXG\
LQ 7KDL XVLQJ KLJKWKURXJKSXW PLFURDUUD\EDVHG 613
JHQRW\SLQJ SODWIRUP 0DKDVLULPRQJNRO HW DO  DQG
UHSRUWHG WKDW FKURPRVRPH S VKRZHG D VLJQLILFDQW
OLQNDJH ZLWK \RXQJRQVHW WXEHUFXORVLV 7% DIWHU DSSO\LQJ
RUGHUHGVXEVHW DQDO\VLV EDVHG RQ DJH DW RQVHW /2' 
S  PDUNHU  UV ,Q RUGHU WR QDUURZ GRZQ WKH
FDQGLGDWHUHJLRQDKLJKGHQVLW\DVVRFLDWLRQPDSSLQJRI0ES
UHJLRQ DURXQG WKH 613PDUNHUZDV SHUIRUPHG LQ WKH SUHVHQW
VWXG\ XVLQJ  WDJ 613V RI+DQ&KLQHVH LQ%HLMLQJ &+%
+DSPDS SKDVH ,, GDWD ZLWK  FDVHV DQG  FRQWUROV RI
,QGRQHVLDQ613VSDVVHGWKHTXDOLW\FRQWURODQGZHUHXVHG
IRU IXUWKHU DQDO\VHV 7KH UHVXOWV VKRZHG WKDW 613D KDV
VLJQLILFDQWDVVRFLDWLRQZLWK7%HYHQDIWHUDSSO\LQJ%RQIHUURQL
FRUUHFWLRQ SDOOHOH î SF  25  
$IWHURUGHUHGVXEVHWDQDO\VLVIRUFDVHFRQWUROVWXG\ZDV
DSSOLHGORZHUSYDOXHZDVREWDLQHGIRUWKH613DLQWKHFDVH
VDPSOHV ZLWK DJH  \HDUV ROG DQG \RXQJHU ,Q \RXQJRQVHW
JURXS WKUHH 613V VKRZHG WKH ORZHVW SYDOXH 613D
S î SF î 613E S î
SF îDQG613FS îSF QV)RUIXUWKHUKLJK
GHQVLW\ PDSSLQJ ILYH DGGLWLRQDO 613V UHSRUWHG LQ &+%
+DSPDSSKDVH,,,DQG1&%,GE613ZHUHJHQRW\SHG1RQHRI
WKHDGGLWLRQDO613V VKRZHG VLJQLILFDQW DVVRFLDWLRQ LQ\RXQJ
DQG ODWHRQVHW JURXSV 613E DQG 613F ZHUH LQ VWURQJ




DIWHU FRQWUROOLQJ 613D DQG 613E KRZHYHU ZKHQ DOO 613V
ZHUH DGMXVWHG E\ 613D DQG 613F QR 613V UHPDLQHG
VLJQLILFDQW $OO VLJQLILFDQW 613V ZHUH ORFDWHG DW WKH UHJLRQ
FRQWDLQLQJ WZR QHLJKERULQJ JHQHV *HQH; DQG JHQH<
7KHVHUHVXOWVVXJJHVWHGWKDWWKHDVVRFLDWLRQEHWZHHQWKHUHJLRQ
DQG\RXQJRQVHW7%REVHUYHGLQWKLVVWXG\FRXOGEHH[SODLQHG
E\ WKH FRPELQDWLRQ HIIHFW EHWZHHQ 613D DQG 613F ,Q WKH
ODWHRQVHW JURXS QR VLJQLILFDQW UHVXOWVZHUHREVHUYHG613D
ZDVORFDWHGDWµUHJLRQRIJHQH;DQGDWµUHJLRQRIJHQH<
7KH JHQH H[SUHVVLRQ GDWDEDVH RI &+% SRSXODWLRQ %DUUHWW HW
DO  UHYHDOHG WKDW DOOHOH 7 RI 613D KDG VLJQLILFDQWO\
KLJKHUH[SUHVVLRQRIJHQH;WKDQDOOHOH&SYDOXH WDLO
0DQQ:KLWQH\ 8 WHVW 7KH 613D GLG QRW DIIHFW WKH
H[SUHVVLRQRIJHQH<7KHVHUHVXOWVVXJJHVWHGWKDW613DZDV
D FDXVDWLYH DQG IXQFWLRQDO 613 IRU \RXQJRQVHW 7% LQ
,QGRQHVLDQ+RZHYHU WKH SRVVLELOLW\ RI WKH SUHVHQFH RI RWKHU
SULPDU\613VLQVWURQJ/'VWLOOUHPDLQV*HQH;LVLQYROYHG
LQ WKH UHJXODWLRQ RI LPPXQH EDODQFH PHFKDQLVP ,W ZDV
K\SRWKHVL]HG WKDW WKH LQGLYLGXDOVFDUU\LQJ WKH ULVNDOOHOHPD\
KDYH ORZHU LPPXQH UHVSRQVH WR P\FREDFWHULXP LQYDVLRQ
DFFRUGLQJO\LQFUHDVHVXVFHSWLELOLW\WRGHYHORS\RXQJRQVHW7%

















2EMHFWLYH 7R GHYHORS DQ HYDOXDWLRQ PHWKRG PHDVXULQJ WKH
HFRQRPLF YLDELOLW\ RXWFRPH RI $57 VHWXS LQ D FRQFHUWHG
IDVKLRQ 'HVLJQ &URVVVHFWLRQDO VWXG\ 6HWWLQJ %DQRRQ
$VVLVWHG 5HSURGXFWLYH 7HFKQRORJ\ $57 &HQWUH 0LOLWDU\
+RVSLWDO %DKUDLQ 6XEMHFWV DQG 0HWKRGV $OO SDWLHQWV ZKR
XQGHUZHQWDVVLVWHGUHSURGXFWLYHWUHDWPHQWF\FOHVLQWKHFHQWUH
GXULQJ WKH SHULRG 6HSWHPEHU  WR 6HSWHPEHU  ZHUH




VHWXS  6XVWDLQDELOLW\ RXWFRPH DQG  &RQWURO RXWFRPH
0DLQ2XWFRPHPHDVXUHV(FRQRPLFYLDELOLW\RXWFRPHRI$57
VHWXS 5HVXOWV $SSOLFDWLRQ RI WKH PRGHO DW WKH VDLG FHQWUH
UHVXOWHGLQDQLQFUHDVHRI(92YDOXHE\IURPWR
ZLWKLQ  PRQWKV RI UHFWLILFDWLRQV ZKLFK VWDUWHG 6HS 
(YHQ WKRXJK WKH HFRQRPLF SHUIRUPDQFH KDV GURSSHG E\
DSSUR[LPDWHO\GXHWRH[WUDVSHQGLQJWRZDUGVDVVHWVDQG
ORZHU XWLOL]DWLRQ RI WUHDWPHQW F\FOHV WKH FHQWUH VKRZHG
LPSURYHPHQWV DW YDULRXV OHYHOV DV HYLGHQW IURP WKH UHVXOWLQJ
KLJKHU (92 YDOXH &RQFOXVLRQV (92 YDOXH DV D PRGHO
SURYLGHV D PHFKDQLVP E\ ZKLFK $57 VHWXS FDQ EH
HFRQRPLFDOO\HYDOXDWHGDQGVHOIDVVHVVHG,WFDQDOVRJHQHUDWH
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RI WDQGHP UHSHDWV RI WKH'1$ VHTXHQFH 77$***Q DW WKH
HQG RI WKH HXNDU\RWLF FKURPRVRPHV ,W SURWHFWV WKH FRGLQJ
SDUWV RI WKH '1$ IRU UHFRPELQDWLRQ GHJUDGDWLRQ DQG
UHSOLFDWLRQ GDPDJH DQG WKXV SOD\ DQ LPSRUWDQW UROH LQ
PDLQWDLQLQJ FKURPRVRPH VWDELOLW\ 7HORPHUH OHQJWK KDV EHHQ
GHWHUPLQHG E\ XVLQJ WHFKQLTXHV OLNH VRXWKHUQ EORW
IOXRUHVFHQFH LQ VLWX K\EULGL]DWLRQ ),6+ )ORZ),6+ DQG
PRVWUHFHQWO\E\TXDQWLWDWLYHUHDOWLPH3&54XDQWLWDWLYHUHDO
WLPH 3&5 PHWKRG SURYLGHV UHODWLYH UHVXOWV DERXW WHORPHUH
OHQJWKE\FDOFXODWLQJWKHUDWLRRID3&5UHDFWLRQSURGXFWIURP
WKH VDPH VDPSOH XVLQJ VSHFLILF SULPHUV IRU WHORPHUHV DQG
VLQJOHFRS\JHQH76UDWLR6KRUWHQLQJRIWHORPHUHOHQJWKKDV
EHHQ UHSRUWHG WR EH DVVRFLDWHG ZLWK DJLQJ VWUHVV GLDEHWHV
K\SHUWHQVLRQPDQ\RWKHUDJHUHODWHGGLVHDVHVDQGFDQFHU'DWD
RQ WHORPHUH OHQJWKYDULDWLRQ LQ UHVSRQVH LRQL]LQJ UDGLDWLRQ LV
YHU\ OLPLWHG+RZHYHU WLOO GDWH QR LQ YLYR GDWD RQ WHORPHUH
OHQJWK LQ UHVSRQVH HOHYDWHG OHYHO RI EDFN JURXQG UDGLDWLRQ LV
DYDLODEOH ,Q WKH SUHVHQW VWXG\ZH KDYH GHWHUPLQHG WHORPHUH
OHQJWK LQ QRUPDO QHZERUQV DQG WKHLU SDUHQWV UHVLGLQJ LQ KLJK
OHYHO QDWXUDO UDGLDWLRQ DUHDV +/15$ DQG DGMRLQLQJ QRUPDO
OHYHO UDGLDWLRQ DUHDV 1/15$ RI .HUDOD FRDVW WR DVVHVV
ZKHWKHU WKH HOHYDWHG OHYHO RI EDFNJURXQG UDGLDWLRQ KDV DQ\
VLJQLILFDQW HIIHFW RQ WHORPHUH OHQJWK 0HWKRGV :H KDYH
DQDO\VHGDWRWDORIDGXOWVIURP1/15$DQGIURP
+/15$ DQG  QHZERUQV  IURP1/15$ DQG  IURP
+/15$XVLQJ6<%5JUHHQEDVHGUHDOWLPH3&5DVVD\7KHVH
VDPSOHV LQFOXGHG  PRWKHUFKLOG SDLUV DQG  IDWKHUFKLOG
SDLUV *HQRPLF '1$ ZDV DPSOLILHG XVLQJ WHORPHUH 7 DQG
VLQJOH JHQH FRS\ SULPHUV6 DQG UHODWLYH 76 UDWLR ZDV
FDOFXODWHG5HVXOWV2XUGDWDGLGQRWUHYHDOGRVHUHODWHGORVVRI
WHORPHUH OHQJWK LQ ERWK QHZERUQV DQG DGXOWV 7KH PHDQ
WHORPHUHOHQJWKLQDGXOWVDQGQHZERUQVZHUHDQG
   1R VLJQLILFDQW GLIIHUHQFH ZDV REVHUYHG DPRQJ
PDOH DQG IHPDOHQHZERUQV DQG DGXOWV1R VLJQLILFDQW FKDQJH
















0\RWRQLF G\VWURSK\ '0 LV DQ DXWRVRPDO GRPLQDQW
PXOWLRUJDQ GLVRUGHU FKDUDFWHUL]HG E\ SURJUHVVLYH PXVFOH
ZHDNQHVVDQGP\RWRQLD7KHFRQJHQLWDOIRUPOHDGVWRQHRQDWDO
GHDWK ,W LV FRQVLGHUHG WKH PRVW SUHYDOHQW LQKHULWHG
QHXURPXVFXODU GLVHDVH LQ DGXOWV ZLWK DQ LQFLGHQFH LQ
 LQ -DSDQHVH ,QGLYLGXDOV DIIHFWHGZLWK'0KDYH
DQ XQVWDEOH H[SDQVLRQ RI D&7* WULQXFOHRWLGH UHSHDW DUUD\ LQ
WKHXQWUDQVODWHGUHJLRQ875RIWKH0\RWRQLF3URWHLQ.LQDVH
'03.JHQHRQFKURPRVRPHT7KHDJHRIRQVHWDQG
SKHQRW\SLF VHYHULW\ FRUUHODWHV ZLWK WKH &7* H[SDQVLRQ VL]H
'0SDWLHQWVKDYHWR&7*UHSHDWVLQPLOGDQGFODVVLF
IRUP DQG XS WR VHYHUDO WKRXVDQG UHSHDWV LQ VHYHUH FRQJHQLWDO
IRUP +HDOWK\ LQGLYLGXDOV KDYH KLJKO\ SRO\PRUSKLF DOOHOHV
EHWZHHQ  DQG  UHSHDW ,Q GHYHORSLQJ FRXQWULHV OLNH
0DOD\VLD WKH PROHFXODU GLDJQRVLV RI '0 LV QRW DYDLODEOH
7KLV KDG KDPSHUHG HDUO\ GLDJQRVLV JHQHWLF FRXQVHOLQJ DQG
PDQDJHPHQWRIWKHFRQGLWLRQ7KHREMHFWLYHRIWKLVVWXG\LVWR
GHYHORS D SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 DQDO\VLV DQG
6RXWKHUQ WUDQVIHU DSSURDFK WR GLDJQRVH '0 DQG WKH
VHFRQGDU\DLPLV WRGHWHUPLQHWKHSUHYDOHQFHRI'0DPRQJ
0DOD\ E\ LQYHVWLJDWLQJ WKH &7* UHSHDW VL]H  :KHQ DQ
LQGLYLGXDO GHPRQVWUDWHV WZR GLIIHUHQW QRUPDO VL]H DOOHOHV RQ
3&5 '0 LV H[FOXGHG 7KH SUHVHQFH RI D VLQJOH EDQG PD\
LQGLFDWH &7* H[SDQVLRQ RU DQ XQDIIHFWHG LQGLYLGXDO
KRPR]\JRXV IRU D JLYHQ QRUPDO DOOHOH 7KHUHIRUH 6RXWKHUQ
EORWWLQJ WHVW LV SHUIRUPHG:H GHWHUPLQHG WKH KHWHUR]\JRVLW\
RI'0DOOHOHVDQGWKHIUHTXHQF\GLVWULEXWLRQRIYDULRXV&7*
UHSHDWV LQ QRUPDO0DOD\V DQGRSWLPL]HG6RXWKHUQEORWWLQJ WR
GHWHUPLQH WKH &7* UHSHDWV LQ DIIHFWHG IDPLOLHV  %ORRG
VDPSOHVZHUHFROOHFWHG IURPQRUPDO DGXOWSRSXODWLRQDVZHOO
DV DIIHFWHG LQGLYLGXDOV ZLWK '0 (WKLFDO DSSURYDO ZDV
REWDLQHG IRU WKLV VWXG\ 7KH SHULSKHUDO EORRG '1$ ZDV
H[WUDFWHG DQG WKH 3&5 UHDFWLRQ ZDV FDUULHG RXW IROORZHG E\
XVXDO JHW HOHFWURSKRUHVLV 7KH SXULILHG 3&5 SURGXFWV ZHUH
VHQG IRU '1$ VHTXHQFLQJ DQG WKH GDWD ZHUH DQDO\]HG WR
GHWHUPLQH WKH VL]H RI &7* UHSHDW 6DPSOHV ZKLFK ZHUH
VXVSHFWHGWRKDYHH[SDQGHGDOOHOHZHUHVXEMHFWHGWR6RXWKHUQ
EORW DQDO\VLV ZKLFK LQFOXGHG JHO HOHFWURSKRUHVLV EORWWLQJ
ODEHOLQJ K\EULGL]DWLRQ VWULQJHQF\ ZDVKLQJ DQG
DXWRUDGLRJUDSK\ H[SRVXUH %DVHG RQ DXWRUDGLRJUDSK\ ILOP
VLJQDO WKH VL]HV RI WKH H[SDQGHG DOOHOHVZHUH FDOFXODWHG  ,Q
QRUPDO0DOD\VZHUHKHWHUR]\JRXVZKLOHZHUH
KRPR]\JRXV IRU WKH '0 DOOHOHV $PRQJVW  QRUPDO
FKURPRVRPHVDWRWDORIDOOHOHVZLWKGLIIHUHQW&7*OHQJWKV
IURPWRZHUHIRXQG7KHIUHTXHQF\RI&7*!DOOHOHV
ZDV  :H VXFFHVVIXOO\ GHWHUPLQHG WKH QXPEHU RI &7*
UHSHDWV LQ WZR IDPLOLHVZKR KDG VHYHUDO DIIHFWHG LQGLYLGXDOV
:H GHYHORSHG DQ HIIHFWLYH VWUDWHJ\ WR VFUHHQ 0DOD\VLDQ
SDWLHQWVIRU'0XVLQJ3&5DQDO\VLV%DVHGRQWKH&7*DOOHOH
IUHTXHQF\LQWKH0DOD\VLDQ0DOD\SRSXODWLRQZHSUHGLFWHGD




&7* UHSHDWV *HQHWLF FRXQVHOLQJ ZDV SURYLGHG IRU DIIHFWHG
IDPLOLHV
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5HYLHZRI HSLGHPLRORJ\ IRU KHSDWLWLV$ LQIHFWLRQ LQGLFDWHV D
VKLIWLQJ SDWWHUQ LQ WKH SUHYDOHQFH RI DQWL+$9 WR ORZHU
HQGHPLFLW\LQ6RXWK(DVW$VLD$VDUHVXOWYDFFLQDWLRQDJDLQVW
KHSDWLWLV $ YLUXV LV UHFRPPHQGHG LQ FKURQLF OLYHU GLVHDVH
SDWLHQWVWRSUHYHQWOLYHUGHFRPSHQVDWLRQGXHWRVXSHULQIHFWLRQ
&<3$ LV WKH PDMRU F\WRFKURPH LQ KXPDQV ZKLFK VKRZV
UHGXFHG DFWLYLW\ LQ FKURQLF OLYHU GLVHDVH &/' DVZHOO DV LQ
KHSDWLF FLUUKRVLV ,W LV SRVWXODWHG WKDW WKH GHWHFWLRQ RI WKLV
SRO\PRUSKLVP PD\ JLYH DQ LQGLFDWLRQ RQ WKH SURJQRVLV RI
SDWLHQWV KDYLQJ FKURQLF YLUDO KHSDWLWLV ZLWK VXSHULPSRVHG
+HSDWLWLV$LQIHFWLRQ7KHDLPRIWKLVVWXG\LVWRFRUUHODWHWKH
VHURSUHYDOHQFH RI DQWL+$9 DQWLERGLHV LQ SDWLHQWVZLWK&/'
ZLWK &<3$ SRO\PRUSKLVP 7KH GLDJQRVLV RI &/' ZDV
EDVHGRQWKHSUHVHQFHRIYLUDOPDUNHUVRIPRUHWKDQPRQWKV
7KH GLDJQRVLV RI OLYHU FLUUKRVLV ZDV EDVHG RQ FOLQLFDO
ELRFKHPLFDO UDGLRORJLFDO SURILOHV 3DWLHQWV




LQ  SDWLHQWV  3DWLHQWV ZHUH JURXSHG DFFRUGLQJ WR
DJHSDWLHQWVLQWKHDJHJURXSLQ







KHWHUR]\JRXV &<3$ SRO\PRUSKLVP ZDV GHWHFWHG LQ 
RIWKHSDWLHQWVZLWK&/'2XUVWXG\GHPRQVWUDWHGWKDW
DJH ZDV WKH PRVW LPSRUWDQW IDFWRU LQ GHWHUPLQLQJ DQWL+$9
SRVLWLYLW\DQGZLWKPRVWSDWLHQWVDJHLQJPRUHWKDQOLNHO\WR
KDYH GHYHORSHG QDWXUDO LPPXQLWLHV 7KHUHZDV QR VLJQLILFDQW
DVVRFLDWLRQ EHWZHHQ &3$ PXWDWLRQ DQG DQWL+$9
VHURORJ\ S  ,W LV FRQFOXGHG WKDW &<3$ JHQHWLF
SRO\PRUSKLVP GRHV QRW SOD\ D UROH LQ LQIOXHQFLQJ WKH














7KH FRQGHQVDWLRQ RI DPLQRWKLR[RGLK\GUR+
S\ULPLGLQHRQH  ZLWK DURPDWLF DOGHK\GHV  DIIRUGHG
D]RPHWKLQHGHULYDWLYHV7KHIRUPHGD]RPHWKLQHVXQGHUZHQW
JO\FRVLGDWLRQ ZLWK "DFHWREURPRJOXFRVH  WR IRUP WKH
FRUUHVSRQGLQJS\ULPLGLQH1JO\FRVLGHVDQGQRW6JO\FRVLGHV
7KHLQWHUDFWLRQRIZLWK2DFHW\OWUL2EHQ]R\O"
'ULERIXUDQRVH  DIIRUGHG WKH FRUUHVSRQGLQJ S\ULPLGLQH 1
ULERVLGH DQG QRW 6ULERVLGH  'HDFHW\ODWLRQ DQG
GHEHQ]R\ODWLRQ RI HDFK RI  DQG  E\ XVLQJ PHWKDQROLF
VRGLXP PHWKR[LGH DIIRUGHG WKH FRUUHVSRQGLQJ IUHH 1
QXFOHRVLGHV  DQG  UHVSHFWLYHO\  1H[W WKH UHDFWLRQ RI 
EHQ]\OWKLREHQ]\OLGHQDPLQRXUDFLO  ZLWK  DQG  GLG QRW
\LHOG WKH FRUUHVSRQGLQJ SURWHFWHG 1QXFOHRVLGHV  DQG 
ZKLOH LW DIIRUGHG  DQG  UHVSHFWLYHO\ 7KH ODWWHU
FRPSRXQGV  DQG  ZHUH VWLUUHG LQ PHWKDQROLF VRGLXP
PHWKR[LGH WR \LHOG WKH FRUUHVSRQGLQJ IUHH 1QXFOHRVLGHV 
DQG  UHVSHFWLYHO\ 7KH VWUXFWXUHV RI SURGXFWV KDYH EHHQ


















KDV D SUHYDOHQFH RI DERXW  DQG JHQHUDOO\ DIIHFWV SHRSOH
GXULQJ WKH KHLJKW RI WKHLU SURGXFWLRQ SURFHVVHV7KH(64 DV
ZHOO DV RWKHU FRPSOH[ GLVHDVHV VHHPV WR EH FDXVHG E\ D
QXPEHURIIDFWRUV LQFOXGLQJHQYLURQPHQWDODQGPXOWLIDFWRULDO
LQKHULWDQFH $FFRUGLQJ WR WKH PXOWLIDFWRU PRGHO WKHUH DUH
VHYHUDOJHQHVLQYROYHGLQWKLVGLVRUGHUWKDWPD\DFWDGGLWLYHO\
DQG VXIIHU HQYLURQPHQWDO LQIOXHQFHV LQFUHDVLQJ VXVFHSWLELOLW\
WR WKLV GLVHDVH DQGRU ZRUVHQLQJ WKH SDWLHQW
V FRQGLWLRQ LV D
WKUHVKROGJHQHWLFLQIOXHQFHGE\WKHHQYLURQPHQW2XUUHVHDUFK
WULHG WRRYHUYLHZ0DQDXV WKH ODUJHVW FLW\ LQ QRUWKHUQ%UD]LO
ZLWK DSSUR[LPDWHO\  PLOOLRQ KDELWDQWV 7KLV UHVHDUFK LV WKH
ILUVWKHOGLQWKH$PD]RQWKDWDLPVWRVWXG\WKHJHQHWLFSDWWHUQV
RIWKLVGLVHDVH,QYHVWLJDWLRQVZHUHFDUULHGRXWLQFDVHVRI(64
LQ WKH IDPLO\ RI  GLDJQRVHG SDWLHQWV IURP WKH (GXDUGR
5LEHLUR 3V\FKLDWULF &HQWHU WKURXJK LQWHUYLHZV ZLWK WKHP
UHODWLYHV RU JXDUGLDQV ZKLFK VHUYHG DV LQIRUPDWLRQ IRU WKH
SHGLJUHHVµ FRQVWUXFWLRQ IRU HDFK IDPLO\ RI WKH SDWLHQWV ZKR
DJUHHG WR SDUWLFLSDWH )URP WKH GDWD DQDO\VLV ZH PDGH 
IDPLOLHVµSHGLJUHHVFRQWDLQLQJJHQHUDWLRQVHDFKZLWK
 LQGLYLGXDOV LQ D WRWDO XQLYHUVH RI SHRSOH  PHQ
DQG  ZRPHQ RI WKRVH GLDJQRVHG ZLWK VFKL]RSKUHQLD 7KH
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ULVNRIGHYHORSLQJVFKL]RSKUHQLDZDVLQFUHDVHGLQUHODWLYHVRI
SUREDQGV DQGPRUH SURQRXQFHG IRU VW GHJUHH DQG ORZHU LQ
WKH QG 'HSUHVVLRQ DSSHDUV DV RQH RI WKH PRVW IUHTXHQW





















7KHVH HOHPHQWV DUH SURQH WR QRQDOOHOLF KRPRORJRXV
UHFRPELQDWLRQ WKDW FUHDWHV JHQRPLF GHOHWLRQV ZKLFK KDYH
SUHYLRXVO\ EHHQ DVVRFLDWHGZLWK D YDULHW\ RI KXPDQGLVHDVHV
7KH UROH RI WKLV HFWRSLF UHFRPELQDWLRQ SURFHVV LQ FUHDWLQJ
KXPDQ JHQRPLF YDULDWLRQ EHWZHHQ LQGLYLGXDOV UHPDLQV
XQNQRZQ+HUHZHDGGUHVVHGWKLVTXHVWLRQE\FRPSDULQJWZR
IXOO\ VHTXHQFHG KXPDQ JHQRPHV >3XEOLF +XPDQ *HQRPH
3+* DQG &HOHUD +XPDQ *HQRPH &+*@ WR JHQHUDWH D
VQDSVKRW YLHZ RI $OX UHFRPELQDWLRQPHGLDWHG GHOHWLRQV
$50'VGXULQJUHFHQWKXPDQJHQRPHHYROXWLRQ&RPELQLQJ
FRPSXWDWLRQDO GDWD PLQLQJ DQG ZHWEHQFK YHULILFDWLRQ
WHFKQLTXHV ZH LGHQWLILHG  LQGLYLGXDOVSHFLILF GHOHWLRQV RI
 FRPSXWDWLRQDOO\ SUHGLFWHG GHOHWLRQV DWWULEXWDEOH WR WKLV
SURFHVVZKLFKUHPRYHGaNERIVHTXHQFHIURPERWK3XEOLF
DQG&HOHUD KXPDQJHQRPHV$SSUR[LPDWHO\RI$50'V
HYHQWV ZHUH ORFDWHG ZLWKLQ NQRZQ RU SUHGLFWHG JHQHV
3RO\PRUSKLFDVVHVVPHQWDWWKHSRSXODWLRQOHYHOZHUHGRQHE\
DPSOLI\LQJ WKHVH ORFL RQ D SDQHO RI KXPDQ JHQRPLF '1$
VDPSOHV IURP  XQUHODWHG LQGLYLGXDOV IURP IRXU
JHRJUDSKLFDOO\ VHSDUDWHG KXPDQ SRSXODWLRQV $IULFDQ
$PHULFDQ &DXFDVLDQ 6RXWK $PHULFDQ DQG $VLDQ 6WUXFWXUH
DQDO\VLV RI WKH  $50'V UHYHDOHG D GLVWLQFW SRSXODWLRQ
VWUXFWXUH LQ WKH  KXPDQ LQGLYLGXDOV ZH JHQRW\SHG 7KLV
VWXG\ SUHVHQWV D FRPSUHKHQVLYH DQDO\VLV RI $50'V LQ WZR
GLIIHUHQW DVVHPEOLHV RI WKH KXPDQ JHQRPH DQG GHPRQVWUDWHV
WKDW $50'V SOD\V DQ LPSRUWDQW UROH LQ JHQHUDWLQJ LQWHU

















IDWW\ DFLGV $ SRO\PRUSKLVP DW FRGRQ  LQ H[RQ  RI WKH
)$%3 JHQH ZKLFK HQFRGHV IRU WKH ,)$3% H[FKDQJHV DQ
$ODQLQHIRU7KUHRQLQH7KHDLPRIWKLVVWXG\ZDVWRGHWHUPLQH
WKHIUHTXHQF\RIWKH$OD7KU)$%3SRO\PRUSKLVPLQWKUHH
$UDE SRSXODWLRQV *HQRW\SLQJ ZDV LQYHVWLJDWHG LQ  
DQGXQUHODWHGKHDOWK\VXEMHFWVIURP%DKUDLQ-RUGDQDQG
(J\SW UHVSHFWLYHO\$ 3&55)/3 DVVD\ZDV DSSOLHG IRU WKH
GHWHUPLQDWLRQ RI $OD7KU )$%3 SRO\PRUSKLVP $OOHOH
IUHTXHQFLHV ZHUH FDOFXODWHG E\ GLUHFW FRXQWLQJ +DUG\
:HLQEHUJ (TXLOLEULXP ZDV HYDOXDWHG XVLQJ D &KLVTXDUH
JRRGQHVVRIILWWHVW5HVXOWVVKRZHGWKDWRIWKHVWXGLHG
%DKUDLQL VXEMHFWV ZHUH KRPR]\JRXV IRU WKH $OD$OD
JHQRW\SH  ZHUH KHWHUR]\JRXV IRU WKH $OD7KU
JHQRW\SH DQG  ZHUH KRPR]\JRXV IRU WKH 7KU7KU
JHQRW\SH7KH JHQH IUHTXHQFLHVREWDLQHG LQ -RUGDQLDQVZHUH
  DQG  IRU $OD$OD $OD7KU DQG
7KU7KU JHQRW\SHV UHVSHFWLYHO\ )RU (J\SWLDQV 
ZHUHKRPR]\JRXVIRUWKH$OD$ODJHQRW\SHZHUH




-RUGDQLDQV DQG  DQG  IRU (J\SWLDQV UHVSHFWLYHO\
7KH IUHTXHQFLHV RI WKH 7KU DOOHOH LQ WKH VWXGLHG $UDE
SRSXODWLRQV GRHV QRW GLIIHU IURP SUHYLRXVO\ UHSRUWHG



















'LIIHUHQWLDO YLUDO UHFRJQLWLRQ E\ FHOOV EHDULQJ WKH 7/5
SRO\PRUSKLVPV $VS*O\ DQG 7KU,OH PD\ LQIOXHQFH
VXVFHSWLELOLW\DQGVHYHULW\RIGHQJXHYLUXVLQIHFWLRQ'9,,Q
&HQWUDO -DYD ,QGRQHVLD ZH LQYHVWLJDWHG  FKLOGUHQ ZLWK
GHQJXHKHPRUUKDJLFIHYHU'+)HLWKHUZLWKVWDJH,RU,,RU
ZLWK VWDJH ,,, RU ,9 DQG  KHDOWK\ FRQWUROV 3DWLHQWV DQG
FRQWUROVZHUHPRVWO\ HWKQLF -DYDQHVH7/5$VS*O\ DQG
7KU,OH SRO\PRUSKLVPV ZHUH GHWHUPLQHG LQ SDWLHQWV DQG
FRQWUROV DQG LQ WKH SDWLHQWV DOVR SODVPD OHDNDJH 1R
VLJQLILFDQW GLIIHUHQFH LQ SUHYDOHQFH RI 7/5 $VS*O\
DQGRU7KU,OHJHQRW\SHEHWZHHQFRQWUROVDQGSDWLHQWVZDV
DSSDUHQW ,QWHUHVWLQJO\ DQ DOPRVW FRPSOHWH FRVHJUHJDWLRQ RI
WKH WZRPXWDWLRQVZDV REVHUYHG  6LPLODUO\ QR GLIIHUHQFH LQ
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7/5 SRO\PRUSKLVPV ZLWKLQ GLIIHUHQW VWDJHV RI '+) ZDV
IRXQG$OVRYDVFXODU OHDNDJHLQSDWLHQWVZLWKGLIIHUHQW7/5
JHQRW\SHV GLG QRW GLIIHU ,Q FRQFOXVLRQ WKH  7/5















+XPDQ PLWRFKRQGULDO '1$ PW'1$ LV WKH H[WUDQXFOHDU
FLUFXODU PROHFXOH DQG VSDQV  EDVH SDLUV LQFOXGLQJ WKH
HQFRGHG JHQHV RI  SHSWLGHV  U51$  W51$ DQG 
QXFOHRWLGH SDLUV RI FRQWURO UHJLRQ 'ORRS 7KH IXQFWLRQ RI
PW'1$ R[LGDWLYH SKRVSKRU\ODWLRQ 2;3+26 ZHUH
GHWHUPLQHG E\ WKH HQFRGHG JHQHV RI WKH  SHSWLGHV WKH
H[SUHVVLRQV RI WKH JHQHV RI U51$ DQG W51$ DQG WKH
PRGXODWLRQ RI 'ORRS LQ WUDQVFULSWLRQ DQG UHSOLFDWLRQ 7KH
PW'1$KDVD ORWRIFKDUDFWHULVWLFVZKLFKGLIIHU IURPQXFOHDU
JHQRPH VXFK DV ODFN RI UHFRPELQDWLRQ IUHTXHQW PXWDWLRQV
KLJK FRS\ QXPEHU DQG PDWHUQDO LQKHULWDQFH $OO RI WKHVH
FKDUDFWHULVWLFVRIIHU WKHSRWHQWLDOV RI LQYHVWLJDWLQJ WKHKXPDQ
HYROXWLRQ DQG RULJLQ 3UHYLRXV VWXGLHV LQGLFDWHG WKDWPW'1$
VHTXHQFHV KDUERU JHRJUDSKLF YDULDWLRQ WUDGLWLRQDOO\ GXH WR
JHQHWLF GULIW +RZHYHU WKH HIIHFWV RI QDWXUDO VHOHFWLRQ RQ
FKDUDFWHULVWLFYDULDWLRQVLQPW'1$UHPDLQXQFOHDU7RFODULI\
WKLV ZH FRQGXFWHG WKH VWXG\ RI ZKROH PW'1$ JHQRPH
FRPSDULVRQ LQ  SRROHG VXEMHFWV EHWZHHQ 7LEHWDQ DQG +DQ
SRSXODWLRQLQ&KLQD ,Q WKLVVWXG\ZKROHPW'1$VHTXHQFLQJ
ZDVSHUIRUPHGXVLQJ$%,VHTXHQFHU'DWDZHUHDQDO\]HG
XVLQJ VRIWZDUH SKUHG3KUDS  1HWZRUN 'QD63 
663UR 'SUR 0D[6SURXW 5DVPRO 6ZLVVSGEYLHZHU DQG
51$IROG:H IRXQG DOO WKH VXEMHFWV ZHUH FODVVLILHG LQWR 
KDSORJURXSVSHUWDLQHG WRWKH0DFURKDSORJURXS0DQG1DQG
WKHUH QR GLIIHUHQFH ZDV REVHUYHG DPRQJ DOO KDSORJURXSV
EHWZHHQ 7LEHWDQ DQG +DQ SRSXODWLRQV H[FHSW 0 3ULQFLSDO
FRPSRQHQW DQDO\VLV LQGLFDWHG WKDW WKH 7LEHWDQ DQG +DQ
SRSXODWLRQV SLWFKHG GLIIHUHQW TXDGUDQWV %HWZHHQ WKH WZR
SRSXODWLRQV  YDULDWLRQV GHWHFWHG E\ FRPSDULQJ PW'1$
ZKROHVHTXHQFHVZHUHVLJQLILFDQWGLIIHUHQFHYDULDWLRQVZHUH
ILUVW LGHQWLILHG DQG  YDULDWLRQV ZHUH GHILQHG DW WKH LQWHUQDO
EUDQFK 3UHGLFWLQJ RI VWUXFWXUH FKDQJHV LQ SURWHLQ DQG 51$
ZDVFRQIHUUHGE\XVLQJWKHGRPLQDWHGYDULDWLRQVLQ7LEHWDQV
:H IRXQG WKDW WKH VWUXFWXUH VWDELOLW\ RI 1' &2; W51$
DODQLQH DQG 6 U51$ ZDV LQFUHDVHG &RPSDULQJ WKH EDVH
VXEVWLWXWLRQVRIQRQV\QRQXPRXV1YHUVXVV\QRQ\PRXV6LQ
 SURWHLQHQFRGHG JHQHV EHWZHHQ WKH 7LEHWDQ DQG +DQ ZH
IRXQG 16 YDOXHV RI $73 $73 DQG &\W E JHQHV ZHUH
KLJKHU ! LQ 7LEHWDQ WKDQ WKDW RI LQ +DQ 7KH DQDO\VLV RI
ZKROHPW'1$ VHTXHQFH SURYLGHG FOXHV WKDW WKH H[LVWHQFH RI
DGDSWLYHVHOHFWLRQIRU$73$73&\WE1'&2;W51$














6LFNOH FHOO GLVHDVH LV D EORRG GLVRUGHU UHVXOWLQJ IURP
LQKHULWDQFHRIDEQRUPDOJHQHIURPSDUHQWV,WLVFDXVHGGXHWR
JORELQ JHQH 6LFNOH FHOO GLVHDVH LV ZLGH
VSUHDGLQ&HQWUDO,QGLD3UHVHQWVWXG\ZDVXQGHUWDNHQWRVWXG\
WKH SUHYDOHQFH RI WKH GLVRUGHU LQ 5DMQDQGJDRQ GLVWULFW RI
&HQWUDO,QGLD$UDQGRPVDPSOLQJRISHRSOHZDVGRQHWR
WHVW VLFNOLQJ SUREOHP %\ VOLGH WHVW PHWKRG  SHRSOH ZHUH
IRXQG VLFNOHG SRVLWLYH )XUWKHU HOHFWURSKRUHVLV WHVW ZDV
SHUIRUPHG IRU DOO  RI ZKLFK  ZHUH IRXQG KRPR]\JRXV
+E66 DQG  ZHUH IRXQG KHWHUR]\JRXV +E$6 SRVLWLYH
%HVLGH DERYH DQDO\VLV FKORURTXLQH SURSK\OD[LV DVVRFLDWHG
ZLWK KLJK SUHYDOHQFH RI 3ODVPRGLXP IDOFLSDUXP 3IFUW .7
PXWDWLRQ LQ SHRSOH Q  ZLWK VLFNOH FHOO GLVHDVH ZDV DOVR
DQDO\]HG 7KH JHQRW\SH RI WKH VXEMHFW ZDV VFUHHQHG XVLQJ
KHPRJORELQHOHFWURSKRUHVLVV\VWHPDQGWKH3IDOFLSDUXP3IFUW
JHQRW\SLQJ ZDV FDUULHG RXW XVLQJ 3&5 UHVWULFWLRQ IUDJPHQW
OHQJWK SRO\PRUSKLVP 5)/3 7KH SUHYDOHQFH UDWH RI 3IFUW
.7 PXWDQW JHQH ZDV SURSRUWLRQDWHO\ IRXQG KLJKHU LQ WKH
KHPRJORELQ66Q P U JHQRW\SHLQGLYLGXDOVWKDQ






















,W LV ZLGHO\ DFFHSWHG WKDW JHQHWLF DQG HQYLURQPHQWDO IDFWRUV
DQG LQWHUDFWLRQV DPRQJ WKHP KDYH D VLJQLILFDQW UROH LQ WKH
HWLRORJ\ RI FRPPRQ GLVHDVH  ,Q DJULFXOWXUDO VWXGLHV RQH
SRSXODU VWXG\ GHVLJQ WR VHSDUDWH WKHVH HIIHFWV E\ JURZLQJ
SODQWV IURP WKH VDPH VHW RI VWUDLQV LQ D YDULHW\ RI
VRLOIHUWLOL]HUFOLPDFWLF FRQGLWLRQV  +XPDQV XQOLNH SODQWV
FKRRVH WKHLU HQYLURQPHQWV DQG KXPDQV WKDW DUH JHQHWLFDOO\
VLPLODU WR RQH DQRWKHU RIWHQ KDYH VLPLODU FXOWXUH DQG
HQYLURQPHQWHYHQZKHQOLYLQJLQGLIIHUHQWSDUWVRI WKHZRUOG
GXH WR UHFHQW HPLJUDWLRQ  ,Q WKH ODVW FHQWXU\ KRZHYHU WKH
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HVWDEOLVKPHQWRIERUGHUVDQG&ROG:DUSROLWLFVLQ&HQWUDO$VLD
WRJHWKHU KDYH OHG WR FXOWXUDO LVRODWLRQ RI HWKQLF .D]DNKV LQ
.D]DNKVWDQ IURP HWKQLF .D]DNKV LQ &KLQD 6LPLODUO\ HWKQLF
.RUHDQV LQ .D]DNKVWDQ KDYH EHHQ VHSDUDWHG IURP HWKQLF
.RUHDQV LQ &KLQD DQG .RUHD  :H DUH WDNLQJ DGYDQWDJH RI
WKHVH XQLTXH RSSRUWXQLWLHV WR H[DPLQH ZKDW KDSSHQV ZKHQ
KXPDQV IURP VLPLODU JHQHWLF SRSXODWLRQV OLYH XQGHU UDGLFDOO\
GLIIHUHQW FXOWXUDO DQG HQYLURQPHQWDO FRQGLWLRQV DV D KXPDQ
DQDORJXH RI WKH DJULFXOWXUDO VWXG\ GHVLJQ ,Q DGGLWLRQ ZH
DVFHUWDLQ DYDLODEOH  RU JHQHUDWLRQ IDPLOLHV WR EHWWHU
XQGHUVWDQG VHJUHJDWLRQ RI WUDLWV LQ IDPLOLHV IRU VXEVHTXHQW
JHQHWLFVWXGLHV(WKQLF.D]DNKVLQ.D]DNKVWDQKDYHORVWPXFK
RI WKHLU WUDGLWLRQDO OLIHVW\OH RYHU WKH \HDUV IURP 6WDOLQLVW
FROOHFWLYL]DWLRQDQG5XVVLILFDWLRQRIWKHLUFXOWXUH2QWKHRWKHU
KDQG HWKQLF .D]DNKV LQ &KLQD VWLOO OLYH D ODUJHO\ QRPDGLF
H[LVWHQFHKHUGLQJVKHHSLQWKH$OWD\DQG7LDQ6KDQPRXQWDLQV
(WKQLF.RUHDQVHQGHGXS LQ.D]DNKVWDQDIWHU6WDOLQGHSRUWHG





KDYH D QDWXUDO H[SHULPHQW WR H[DPLQH JHQHHQYLURQPHQW
LQWHUDFWLRQ DV LQ DJULFXOWXUDO VWXGLHV :H KDYH EHHQ
LQYHVWLJDWLQJ WUDLWV UHODWHG WR ERQH KHDOWK DQG PHWDEROLF
V\QGURPHLQ.D]DNKVDQG.RUHDQVLQ.D]DNKVWDQ&KLQDDQG
.RUHD DQG KHUH ZH VSHFLILFDOO\ IRFXV RQ WKH ZRUN ZH
FRQGXFWHG LQ $OPDW\ .D]DNKVWDQ  :H FRPSDUHG ERQH
VWLIIQHVV YDOXHV IRU UDQGRPO\ VHOHFWHG QRQGLVHDVHG HWKQLF
.D]DNKV YV HWKQLF .RUHDQV OLYLQJ LQ .D]DNKVWDQ )RU ERWK
VH[HV HWKQLF.D]DNKV KDG D KLJKHU ERQH VWLIIQHVV YDOXH WKDQ
HWKQLF.RUHDQV PDOHV  YV  UHVSHFWLYHO\ IHPDOHV




XVLQJHWKQLF.RUHDQ IDPLOLHV LQ.D]DNKVWDQ 7KHKHULWDELOLW\
HVWLPDWHIRUERQHVWLIIQHVVLQGH[ZDVKLJKK 6RPHRI
WKH DQWKURSRPHWULF PHDVXUHV VXFK DV DUP OHQJWK DQG VLWWLQJ
KHLJKWKDGKLJKKHULWDELOLW\!ZKLOHRWKHUVELLOLRFULVWDO
GLDPHWHU DQG WUDQVYHUVH FKHVW \LHOGHG ORZ KHULWDELOLW\
HVWLPDWHV  ,Q DGGLWLRQD VXEVWDQWLDOJHQHWLF FRQWULEXWLRQZDV
REVHUYHG IRU OLYHU IXQFWLRQV ZKHUH WKH KHULWDELOLW\ HVWLPDWHV




















LQGLYLGXDOV DQG WKHLU IDPLOLHV LPSRVLQJ VLJQLILFDQW VRFLDO
HFRQRPLFDQGSXEOLFKHDOWKEXUGHQV3UHYDOHQFHRIGHPHQWLD
LV LQFUHDVLQJ LQ ERWK GHYHORSHG DQG GHYHORSLQJ FRXQWULHV
LQFOXGLQJ 9HQH]XHOD EXW PDQ\ RI WKH XQGHUO\LQJ FDXVHV
UHPDLQWREHLGHQWLILHGDQGXQGHUVWRRG,VFKHPLFVPDOOYHVVHO
GLVHDVH 69' LV D OHDGLQJ FDXVH RI YDVFXODU GHPHQWLD DQG D
PDMRU FRQWULEXWRU WR $O]KHLPHU
V GLVHDVH :KLWH PDWWHU
K\SHULQWHQVLWLHV:0+HYLGHQWLQQHXURLPDJHVFDQEHXVHGWR
HYDOXDWHVXEFOLQLFDODQGFOLQLFDO69'7KH:0+SKHQRW\SHLV
FRPSOH[ DQG LWV FDXVHVDUHQRWZHOONQRZQ:0+LVKLJKO\
KHULWDEOH  KRZHYHU SUHYLRXV VWXGLHV KDYH QRW
LGHQWLILHG JHQHV WKDW FRQWULEXWH WR WKH :0+ SKHQRW\SH
SUREDEO\ EHFDXVH :0+ LV DIIHFWHG E\ PXOWLSOH JHQHWLF
YDULDQWVZLWKVPDOOHIIHFWVL]HVE\PXOWLSOHHQYLURQPHQWDOULVN
IDFWRUV RU E\JHQHHQYLURQPHQW LQWHUDFWLRQV7R H[DPLQH WKH
FRQWULEXWLRQ RI JHQHWLF DQG HQYLURQPHQWDO IDFWRUV LQ WKH
H[SUHVVLRQ RI :0+ DQG WR FLUFXPYHQW VRPH RI WKH
DIRUHPHQWLRQHGSUREOHPVZHDUHVWXG\LQJLQGLYLGXDOVRYHU
\RIDJHZKRDUHPHPEHUVRIDODUJHQ KLJKO\LQEUHG
H[WHQGHG IDPLO\ UHVLGLQJ LQ /DNH 0DUDFDLER 9HQH]XHOD
6LPLODU IDPLOLHVKDYHSUHYLRXVO\EHHQXVHIXO LQ WKHGLVFRYHU\
RI WKH JHQH IRU +XQWLQJWRQ
V GLVHDVH  :H KDYH WDNHQ
DGYDQWDJH RI LQIRUPDWLRQ DQGPHWKRGRORJ\GHYHORSHGE\ WKH
0DUDFDLER$JLQJ6WXG\LQJ0$6WRLPSOHPHQWVWDQGDUGL]HG
DVVHVVPHQW SURFHGXUHV LQFOXGLQJ IXOO QHXURSV\FKLDWULF
H[DPLQDWLRQ FDUGLRYDVFXODU HYDOXDWLRQ QXWULWLRQDO DQG




DQG D VWUDWHJ\ ZDV GHYHORSHG WR HQJDJH WKH FRPPXQLW\
DGYRFDF\JURXSV MRXUQDOLVWV HGXFDWRUV DQG OLEUDULDQV DQG WR
HQKDQFHWKHLUXQGHUVWDQGLQJRIWKHDLPVULVNVDQGEHQHILWVRI
WKH VWXG\ WKURXJK FRPPXQLW\ DVVHPEOLHV V\PSRVLD
FRQIHUHQFHPHGLD DSSHDUDQFHV DQGZRUNVKRSV  &RRSHUDWLYH
HIIRUWV DPRQJ UHVHDUFKHUV SDWLHQWV FDUHJLYHUV DQG WKH
FRPPXQLW\ DOVR DGGUHVV FKDOOHQJHV LQ HQUROOPHQW UHWHQWLRQ
LQWHUYHQWLRQDGKHUHQFHDQGGHYHORSPHQWRIVHUYLFHV2YHUDOO
WKH UHVHDUFK SURJUDP GHPRQVWUDWHV WKH IHDVLELOLW\ RI PRGHUQ
JHQHWLF VWXGLHV IRU EUDLQ GLVRUGHUV WKDW LQFRUSRUDWH D
FRQVRUWLXPRIH[SHUWLVHLQKXPDQELRORJ\PROHFXODUJHQHWLFV
VWDWLVWLFDO JHQHWLFV QHXURSV\FKRORJ\ DQG QHXURLPDJLQJ
PDLQWDLQLQJ VHQVLWLYLW\ WR FXOWXUDO GHPDQGV RI WKH UHVHDUFK
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VHUYLFHV 7KH QXPEHU RI LQQRYDWLRQV LQ JHQHWLFVJHQRPLFV
OHDGLQJWRDSSOLFDWLRQVLQWKHKHDOWKVHFWRULVVWHDGLO\JURZLQJ
7KHUHVXOWVIURPWKHJHQRPHUHVHDUFKSURJUDPVDUHHDUO\VWDJH
LQ WHUPV RI DSSOLFDELOLW\ DQG LW LV LPSRUWDQW WR GHYHORS
VWUDWHJLHVWRHQVXUHWKDWWKHVHDGYDQFHVDUHSURJUHVVHGVXLWDEO\
WREHQHILWSHRSOHDQGWKHLUKHDOWK,WLVUHTXLUHGWRFRQVLGHUWKH
HQWLUH SURFHVV IURP GLVFRYHU\ UHVHDUFK DQG GHYHORSPHQW
FRPPHUFLDOL]DWLRQ DQG ILQDOO\ XS WR DSSOLFDWLRQ 7R LQWHJUDWH
JHQRPH WHFKQRORJLHV LQWR KHDOWK V\VWHPV LQ DQ DIIRUGDEOH
VXVWDLQDEOH DQG LQ D VRFLDOO\ DSSURSULDWH IDVKLRQ WKH
&RPSHWHQFH &HQWHU 7HFKQRORJ\ 7UDQVIHU .77 KDV EHHQ
HVWDEOLVKHG LQ  FRRUGLQDWLQJ DQG VXSSRUWLQJ LQYHQWLRQ
PDQDJHPHQW DQG LQWHOOHFWXDO SURSHUW\ DVVHW PDQDJHPHQW
DFWLYLWLHV IURP 1*)1 7KH .77 2IILFH OLQNV WKH PDQ\
GLIIHUHQW VFLHQWLILF JURXSV DQG SDUWLHV LQYROYHG 7KH LQWHUQHW
PDUNHW SODWIRUP *HQRPH 0DUNHWSODFH ZZZJHQRPH
PDUNHWSODFHGH JLYHV LQGXVWU\ FHQWUDOL]HG DFFHVV WR
FRPPHUFLDOO\ YDOXDEOH UHVXOWV IURP 1*)1 7R DFKLHYH WKLV
ZH LPSOHPHQW RXU SULQFLSOH RI 
2QH )DFH WR WKH &OLHQW

)XUWKHUPRUHPRVW WHFKQRORJLHV EDVHG RQ1*)1 IXQGLQJ DUH
SUHVHQWHG WR FRPSDQLHV DW YDULRXV SDUWQHULQJ PHHWLQJV DQG
VKRZFDVHH[KLELWLRQV,QDGGLWLRQ*HQRPH0DUNHWSODFHLVWKH
LQIRUPDWLRQ DQG FRPPXQLFDWLRQ SODWIRUP IRU VFLHQWLVWV
LQYROYHG DQG DOORZV HDV\ FRPPXQLFDWLRQ ZLWKLQ WKH 1*)1
QHWZRUN 7KH.77 VXSSRUWV DQG FRQVXOWV DOO UHVHDUFKHUV DQG
DVVRFLDWHGWHFKQRORJ\WUDQVIHUPDQDJHUVUHJDUGLQJDOOLVVXHVRI
WHFKQRORJ\WUDQVIHULQYHQWLRQ SDWHQWLQJPDUNHWLQJ7RROV
OLNH SXEOLFDWLRQ VFUHHQ UHSRUWV DQG URXQG WDEOHPHHWLQJV DUH
RUJDQL]HG UHJXODUO\ DQG DVVXUH WUDLQLQJ RI UHVHDUFKHUV DQG
WUDQVIHU PDQDJHUV 7KURXJK WKHVH PHDQV ZH DLP WR DFKLHYH
VXVWDLQDEOHDQGHIIHFWLYHPHFKDQLVPVWRUHDOL]HWKHSRWHQWLDORI
QHZ WHFKQRORJLHV IRU WKH IXOO EHQHILWV RI KXPDQ KHDOWK 7KH
*HQRPH0DUNHWSODFH FRQFHSW RI.77 LV D NH\ IDFWRU RQ WKH
URDG WR VXFFHVV WR FRPELQH KHDOWK DQG VFLHQFH QHHGV DQG
HFRQRPLF DQG VRFLRHFRORJLFDO YDOXH ,W LV WKLV PL[ RI
HFRQRPLF DQG VRFLHWDO EHQHILW WKDW KHOSV WR HDUQ SURRIRI
FRQFHSW JUDQWV DQG OLFHQVLQJ H[SHUWLVH IRU 1*)1 LQYHQWLRQV
DQG SURMHFWV .77 KHOSV LQGXVWU\ DQG VRFLHW\ WR DFFHVV













,QVXOLQ UHVLVWDQFH SOD\V D FHQWUDO UROH LQ WKH GHYHORSPHQW RI
W\SHGLDEHWHVPHOOLWXV 7'0 ,QFUHDVHGSODVPD IUHH IDWW\
DFLG))$OHYHOVDUHREVHUYHGLQ7'0DQGPD\EHUHODWHGWR
WKH SDWKRSK\VLRORJ\ RI LQVXOLQ UHVLVWDQFH 6NHOHWDO PXVFOH LV
RQHRIWKHPRVWLPSRUWDQWLQVXOLQWDUJHWWLVVXHDQGKDVEHHQWKH
IRFXV RI LQVXOLQ UHVLVWDQFH VWXGLHV ,QVXOLQ UHVLVWDQFH LV RIWHQ
REVHUYHGLQVNHOHWDOPXVFOHRI7'SDWLHQW,QIDFWSURORQJHG
H[SRVXUH WRKLJK))$OHYHOVFRXOGUHVXOW LQVXOLQUHVLVWDQFH LQ
VNHOHWDO PXVFOH EXW WKH GHWDLOHG PROHFXODU PHFKDQLVPV






SURWHLQV LQYROYHG LQ WKH HQHUJ\ PHWDEROLVP DQG D VKLIW LQ
HQHUJ\ PHWDEROLVP IURP XVLQJ JOXFRVH WR ))$ DV HQHUJ\
VRXUFH ZDV LGHQWLILHG ,QVXOLQ VHQVLWLYLW\ EHWZHHQ WKH ))$
WUHDWHGDQGFRQWUROFHOOZHUHWHVWHGDQGDGHFUHDVHZDVIRXQG
LQ WKH))$ WUHDWHGFHOOV7KURXJKZHVWHUQDQDO\VLV DOWHUDWLRQ
LQ DEXQGDQFH RI SURWHLQV LQYROYHG LQ LQVXOLQ VLJQDOLQJ ZDV















6WXGLHV RQ WKH RULJLQV RI PRGHUQ KXPDQV LQ ,QGLDQ
VXEFRQWLQHQW KDV WDNHQ WZR GLIIHUHQW DSSURDFKHV k¼ʊRQH
IRFXVLQJRQ WKHDUFKDHRORJLFDO UHFRUGRI WKH LQLWLDOVHWWOHPHQW
RI RXU VSHFLHV LQ 6RXWK $VLD WKH RWKHU SLQSRLQWLQJ RQ WKH
JHQHWLF GLYHUVLW\ DQG HYROXWLRQDU\ KLVWRU\ RI ,QGLDQ
SRSXODWLRQV2XUZRUNDLPVDWEULGJLQJ WKHVHWZRDSSURDFKHV





XVLQJ QRYHO ' PRUSKRPHWULF WHFKQLTXHV 7R FRPSDUH WKH
H[WHQW RI DGPL[WXUH ZH DOVR VHTXHQFHG DQG DQDO\]HG WKH
PRGHUQ'1$VDPSOHV IURPQHLJKERULQJSRSXODWLRQV5HVXOWV
VKRZHG WKH SUHGRPLQDQW IUHTXHQF\ RI )D KDSORJURXS DQG
FRPSOHWH DEVHQFHRI ESGHOHWLRQ LQ DQFLHQW1LFREDUHVH2XU
VWXG\ RQ %XUPHVH SRSXODWLRQ LV WKH ILUVW JHQHWLF VWXG\ GRQH
HOVHZKHUH:H ILQG %XUPHVH DUH PXFK FORVHU WR (DVW $VLDQ
UDWKHU WKDQ 6RXWK (DVW $VLDQ SRSXODWLRQV DQG DOVR IRXQG
VLJQLILFDQWDGPL[WXUHRI%XUPHVHZLWK6RXWK$VLDQDQG:HVW
(XUDVLDQSRSXODWLRQVZKLFKFOHDUO\VXJJHVWWKHODWHDGPL[WXUH
ZLWK WKHQHLJKERXULQJSRSXODWLRQV7R UXOHRXW WKHFKDQFHRI






















7R LQGXFH FROODERUDWLRQ LQ SURGXFWLRQ WUDLQLQJ UHVHDUFK DQG
GHYHORSPHQW WR KHOS (052 FRXQWULHV WR EH VHOI UHOLDQW LQ
KHDOWK JHQRPLFV DQG ELRWHFKQRORJ\ DV ZHOO IDFLOLWDWH
FRRSHUDWLRQ EHWZHHQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV WR
XSJUDGH KHDOWK VWDQGDUGV (DVWHUQ 0HGLWHUUDQHDQ +HDOWK
*HQRPLFVDQG%LRWHFKQRORJ\1HWZRUN(0*(1ZDVFUHDWHG
LQ  ZLWK FROODERUDWLRQ RI UHSUHVHQWDWLYHV RI VHOHFWHG
FHQWHUV RI H[FHOOHQFH LQ KHDOWK UHODWHG PROHFXODU ELRORJ\
ELRWHFKQRORJ\ 	 JHQRPLFV LQ WKH (DVWHUQ 0HGLWHUUDQHDQ
UHJLRQ E\ UHFRPPHQGDWLRQ RI :+2(052 HIIRUWV 7KH
(0*(1 YLVLRQV JHQHUDOO\ LQYROYH FUHDWLQJ DQG VXVWDLQLQJ
YDOXH E\ EHLQJ UHFRJQL]HG DV D SOD\HU LQ WKH LQWHUQDWLRQDO
ELRSKDUPDFHXWLFDO JHQRPLFV DQG ELRWHFKQRORJLFDO LQGXVWU\
DLPLQJ DW SURPRWLQJ KHDOWK LQ WKH UHJLRQ SDUDOOHO WR
VXVWDLQDEOH GHYHORSLQJ KHDOWK JHQRPLFV DQG ELRWHFKQRORJ\
WKURXJKIDFLOLWDWLRQRIKLJKTXDOLW\5	'WUDLQLQJDQGVKDULQJ
LQIRUPDWLRQH[SHULHQFHGLVWULEXWLRQDQGWHFKQRORJ\WUDQVIHULQ
RUGHU WRPHHW FRPPRQ DQG UHJLRQDO KHDOWK QHHGV RIPHPEHU
FRXQWULHV,QWKLVDEVWUDFWWKHODWHVWSURJUHVVRIWKLVQHWZRUNLV
GLVFXVVHG +HDGOLQHV RIPDLQ SHUIRUPHG (0*(1 DFWLYLWLHV
(VWDEOLVKLQJ VKRUW WHUP WUDLQLQJV DQG UHVHDUFK H[FKDQJLQJ




,QWHUQDWLRQDO &RQJUHVV RQ +HDOWK *HQRPLFV DQG
%LRWHFKQRORJ\SURXGO\WRRNSODFHGXULQJ1RYLQ
7HKUDQ ,VODPLF5HSXEOLF RI ,UDQ VXFFHVVIXOO\ E\ FRRSHUDWLRQ
RI(0*(1	3DVWHXU ,QVWLWXWH RI ,UDQ 3XEOLVKLQJ HOHFWURQLF
PRUH WKDQ  UHJXODU LVVXHV RI (0*(1 QHZVOHWWHUV GXULQJ
LQJHQRPLFVDQGELRWHFKQRORJ\DUHDVDFFHVVLEOHYLD
ZZZ(0*(1QHW DQG ZZZ(0*(1QHW $OVR LW KDV EHHQ
VHQW WR DFDGHPLF DQG LQGXVWULDO GDWDEDVHV PRUH WKDQ 
HQWULHV E\ (0*(1 VWDIIV 0DQDJLQJ DQG XSGDWLQJ RI
(0*(11(7 DQG (0+*%11(7 ZHEVLWHV 0DNLQJ DQG
JURZLQJ (0*(1 FROOHDJXHV GDWDEDVH PRUH WKDQ 
DFDGHPLFV DQG LQGXVWULDO HQWULHV 0DNLQJ ELRLQIRUPDWLFV
LQIRUPDWLRQVHUYLFHV'HVLJQLQJUHVSHFWHGVFLHQWLILFVXEMHFWVRI



















*OQ*OX RI DSROLSRSURWHLQ % $32% LQ GLIIHUHQW HWKQLF
JURXSVRI1RUWK$VLD DQG LQSDWLHQWVZLWK ORZDQGKLJK WRWDO
FKROHVWHUROOHYHO3RO\PRUSKLVP*OQ*OXLVORFDWHGLQWKH
SXWDWLYH UHFHSWRU ELQGLQJ GRPDLQ RI $32% )HZ SDSHUV
UHSRUW WKH ORZ SRSXODWLRQ IUHTXHQF\ RI WKLV YDULDQW LQ
&DXFDVLDQ SRSXODWLRQ   DQG SURYLGH FRQWURYHUVLDO GDWD
RQ LWV SKHQRW\SLF H[SUHVVLRQ 3XOOLQJHU &5 HW DO 
/XGZLJ (+ HW DO *DIIQH\' HW DO  ,Q SUHVHQW
VWXG\ZHDQDO\]HG WKLVSRO\PRUSKLVPLQ&DXFDVLDQDQG1RQ
&DXFDVLDQ SRSXODWLRQ RI 1RUWK $VLD DQG LWV DVVRFLDWLRQ ZLWK




H[SUHVVLRQ RI WKLV DOOHOH LQ 1RQ&DXFDVLDQV ZDV VWXGLHG LQ
SRSXODWLRQVDPSOHRIQDWLYHLQKDELWDQWVRI&KXNRWND3HQLQVXOD
&KXNFKLV DQG $VLDQ (VNLPRV 7KH &DXFDVLDQ SDWLHQWV
LQFOXGHG LQ WKH DQDO\VHV ZHUH VHOHFWHG EDVHG RQ WRWDO
FKROHVWHURO 7& OHYHO IURP SRSXODWLRQ VDPSOH VXUYH\HG LQ
IUDPH RI +$3,(( SURMHFW a SDUWLFLSDQWV DJHG 
PHQZRPHQ±7RWDOO\SDWLHQWVZLWKKLJKHVW WRWDO
FKROHVWHURO OHYHO 7&!PJGO  SDWLHQWV ZLWK ORZ WRWDO
FKROHVWHURO OHYHO 7&PJGO DQG  UDQGRPO\ VHOHFWHG
SDWLHQWVPHDQ7&OHYHO PJGOZHUH LQFOXGHG LQ
WKH DQDO\VHV 7KH SODVPD OLSLGV OHYHOV ZHUH GHWHUPLQHG E\
VWDQGDUG HQ]\PDWLF DVVD\V *OQ*OX SRO\PRUSKLVP RI




IUHTXHQF\ ZDV DV KLJK DV a 7KH IUHTXHQF\ LQ 5XVVLDQ
SRSXODWLRQ ZDV FORVH WR SUHYLRXVO\ UHSRUWHG GDWD IRU RWKHU
&DXFDVLDQ SRSXODWLRQ a *OX DOOHOH ZDV
VLJQLILFDQWO\DVVRFLDWHGZLWKHOHYDWHG7&OHYHOLQSRSXODWLRQRI
$UFWLF $VLDQV 7KH IUHTXHQF\ RI *OX DOOHOH ZDV 
DQGLQ+$3,((SRSXODWLRQORZDQGKLJKHVW7&
OHYHO JURXSV UHVSHFWLYHO\ S  7ZR KRPR]\JRXV
JHQRW\SHVZHUHGHWHFWHG LQJURXSZLWKKLJKHVW7& OHYHO7KH
IUHTXHQF\ RI *OX DOOHOH LV ORZ LQPDMRULW\ RI&DXFDVLDQ
DQG 1RQ&DXFDVLDQ SRSXODWLRQV RI 1RUWK $VLD H[FHSW $UFWLF
0RQJRORLGVRI&KXNRWND3HQLQVXODZHUHLWLVDVKLJKDV
7KLVVWXG\LVWKHILUVWWKDWGHPRQVWUDWHGWKHDVVRFLDWLRQRIWKLV
DOOHOHZLWK HOHYDWHG WRWDO FKROHVWHURO OHYHO DW SRSXODWLRQ OHYHO





















$VLD OLYLQJ LQ FRQWUDVW FOLPDWH FRQGLWLRQV 7530 T
JHQHFRGLQJIRUFROGDQGPHQWKROUHFHSWRURISULPDU\DIIHUHQW
VHQVRU\ QHXURQV RI DIIHUHQW QHUYH ILEHUV PHGLDWHV WKH
GHWHFWLRQ RI FROG WKHUPDO VWLPXOL 3RWHQWLDOO\ LW PD\ SOD\
LPSRUWDQW UROH LQ KXPDQ DGDSWDWLRQ WR FROG FOLPDWH DQG
VXVFHSWLELOLW\WRFKURQLFLQIODPPDWRU\DQGPHWDEROLFGLVHDVHV
/LPLWHG GDWD RQ LWV SRO\PRUSKLVP DUH FXUUHQWO\ DYDLODEOH
7KXV DQDO\VLV RI 613 SRO\PRUSKLVP RI WKLV JHQH LQ
SRSXODWLRQV OLYLQJ LQ FRQWUDVW FOLPDWH FRQGLWLRQV LQFOXGLQJ
PRVWVHYHUHLQUHVSHFWRIORZWHPSHUDWXUHLVDQLPSRUWDQWVWHS
WRV\VWHPDWLFDQDO\VLVRI LWVFOLQLFDODQGDGDSWLYH LPSRUWDQFH
,Q SUHVHQW VWXG\ IROORZLQJ 613V ORFDOL]HG LQ FRGLQJ SDUW RI
7530 JHQH ZHUH DQDO\]HG UV 57 UV
 ɊɊ UV <& UV
//UV61UV996WXGLHG
SRSXODWLRQV LQFOXGHG &DXFDVLDQ 5XVVLDQV 1RYRVLELUVN
Q  &KXNFKLV &KXNRWND 3HQLQVXOD Q  DQG .D]DNKV
5HSXEOLF RI $OWDL Q  &KXNFKLV OLYH LQ RQH RI PRVW
VHYHUH$UFWLF5HJLRQDQG.D]DNKV OLYH LQPRVW6RXWKSDUWRI
5XVVLDQ &HQWUDO $VLD $OOHOH IUHTXHQF\ GLIIHUHQFHV ZHUH
HVWLPDWHG E\ Ȥ +DSORW\SH DQG OLQNDJH DQDO\VHV ZHUH
SHUIRUPHG E\ $UOHTXLQ SURJUDP ,W ZDV VKRZQ WKDW
SRO\PRUSKLF VLWHV 57 DQG <& KDYH FORVH SRSXODWLRQ
IUHTXHQFLHVDQGZHUH LQ OLQNDJHGLVHTXLOLEULXP0LQRUDOOHOHV
RI WKHVH VLWHV 7 & DUH LQ FLVVWDWH ,Q DOO VWXGLHG
SRSXODWLRQV DOOHOH 7 613 57 ZDV IRXQG RQO\ LQ
FRPELQDWLRQZLWKDOOHOHV&613<&DQG1613
61 6LJQLILFDQW SRSXODWLRQ GLIIHUHQWLDWLRQ ZDV IRXQG IRU
IUHTXHQFLHVRI613ɊɊ//61DQG99WKHLU
FRUUHVSRQGLQJ KDSORW\SHV DQG OLQNDJH SDWWHUQ 7KH JHQHWLF
GLIIHUHQWLDWLRQ ZDV KLJKHVW EHWZHHQ 5XVVLDQV DQG &KXNFKLV
)VW  Ɋ  .D]DNKV RI 5HSXEOLF RI $OWDL KDG
LQWHUPHGLDWHSRVLWLRQ)VW ɊUHODWLYHWR5XVVLDQV
DQG )VW  Ɋ  UHODWLYH WR &KXNFKLV 7530
UHFHSWRUJHQHLVKLJKO\YDULDEOHLQ1RUWK$VLDSRSXODWLRQVDQG























7KH &DXFDVXV LQKDELWHG E\ PRGHUQ KXPDQV VLQFH WKH (DUO\
8SSHU 3DOHROLWKLF DQG NQRZQ IRU LWV OLQJXLVWLF GLYHUVLW\ LV
FRQVLGHUHGWREHLPSRUWDQWIRUXQGHUVWDQGLQJKXPDQGLVSHUVDOV
DQG JHQHWLF GLYHUVLW\ LQ (XUDVLD :H UHSRUW D V\QWKHVLV RI
DXWRVRPDO 613V IURP VDPSOHV<FKURPRVRPH
<FKURPRVRPH613PDUNHUVJHQRW\SHGRQVDPSOHV
DQGPW'1$+96,DQGFRGLQJUHJLRQPDUNHUVGRQHRQ
VDPSOHV YDULDWLRQ LQ SRSXODWLRQV IURP DOO PDMRU VXEUHJLRQV
DQGOLQJXLVWLFSK\ODRIWKHDUHD6LJQDOVRIUHJLRQDOSDWULOLQHDO
IRXQGHU HIIHFWV GLVWLQJXLVK WKH HDVWHUQ IURP ZHVWHUQ 1RUWK
&DXFDVLDQV 9DULDWLRQ ZLWKLQ WKH DXWRVRPDO JHQRPH LV
FRQVLVWHQWZLWK SUHGRPLQDQWO\1HDU0LGGOH (DVWHUQ RULJLQ RI
&DXFDVLDQVZLWKPLQRUH[WHUQDOLPSDFWV*HQHWLFGLVFRQWLQXLW\
EHWZHHQ1RUWK&DXFDVXVDQGWKH(DVW(XURSHDQ3ODLQFRQWUDVWV













0DOD\VLD LV DPXOWL FXOWXUDOPXOWL UHOLJLRXV DQGPXOWL HWKQLF
FRXQWU\ FRPSULVLQJ RI QXPHURXV HWKQLF JURXSV0DOD\V IRUP
WKH PDMRU HWKQLF JURXS DQG FDQ EH IXUWKHU VXEGLYLGHG LQWR
YDULRXVVXEJURXSV7KHJHQRPHZLGHPDSSLQJRIWKHVHHWKQLF
JURXSV IRU WKH FUHDWLRQ RI JHQHWLF GDWDEDVH ZLOO SURYLGH WKH
JHQHWLFPDSRIWKHFRXQWU\PLJUDWLRQKLVWRU\DQGXQFRYHUWKH
H[WHQW RI JHQHWLF VLPLODULW\ EHWZHHQ WKH YDULRXV SRSXODWLRQV
DORQJ ZLWK WKH VWXG\ RI FRPPRQ GLVHDVHV LQ WKH 0DOD\VLDQ
SRSXODWLRQV7KH613PXOWLORFXVJHQRW\SHGDWDRIWKH0DOD\
VXEHWKQLF JURXSV ZHUH REWDLQHG WKURXJK WKH XVH RI WKH
$II\PHWUL[.PLFURDUUD\FKLSVDQGZHUHDQDO\]HGWRJHWKHU
ZLWK WKRVHRI RWKHU SRSXODWLRQV IURP7KDLODQG ,QGRQHVLD
&KLQD ,QGLD$IULFD DQG2UDQJ$VOL VXEJURXSV LQ3HQLQVXOD
0DOD\VLD REWDLQHG IURP WKH 3DQ$VLDQ 613 3$613
GDWDEDVH3K\ORJHQHWLFDQDO\VHVRIDOODXWRVRPDO613V
ZHUH LPSOHPHQWHG E\ PD[LPXP OLNHOLKRRG DOJRULWKP
%D\HVLDQ FOXVWHULQJ SURFHGXUH XVLQJ 6758&785$/
DOJRULWKPZDV SHUIRUPHG WR H[DPLQH WKH DQFHVWU\ RI DOO 
LQGLYLGXDOV7KHSK\ORJHQHWLFDQDO\VHVVKRZHGWKH0DOD\VXE
HWKQLF JURXSV DUH VHSDUDWHG LQWR DW OHDVW  GLIIHUHQW FOXVWHUV
7KH -DZD %XJLV DQG 0LQDQJ KDYH D YHU\ FORVH JHQHWLF
UHODWLRQVKLSZLWK,QGRQHVLDQSRSXODWLRQVLQGLFDWLQJDFRPPRQ
DQFHVWUDO RULJLQ ZKLOH WKH .HODQWDQ DQG .HGDK IRUPHG D
GLVWLQFW JURXS RQ WKH WUHH LQGLFDWLQJ WKDW WKH\ DUH JHQHWLFDOO\
GLIIHUHQW IURP WKH RWKHU0DOD\ VXE HWKQLF JURXSV )URP RXU
UHVXOWVZHFRXOGDOVRFRQFOXGH WKDWZKLOH WKH0DOD\VEHORQJ
WRWKH6RXWKHUQ0RQJRORLGJURXSRIUDFHV WKHUHDUHHYLGHQFH
RI JHQH IORZ IURP WKH ,QGLDQV WR 0DOD\V 2XU UHVXOWV KDYH
SURYLGHG LQIRUPDWLRQ RQ WKH JHQHWLF GLIIHUHQWLDWLRQ EHWZHHQ
WKHVXEHWKQLFJURXSVDQGYDOXDEOHLQVLJKWLQWRWKHRULJLQRIWKH
0DOD\ VXE HWKQLF JURXSV LQ SHQLQVXOD0DOD\VLD 7KH FUHDWHG
GDWDEDVH RQ WKHVH SRSXODWLRQV ZLOO FRPSOHPHQW WKH +DS0DS
GDWDEDVH DQG FRQWULEXWH YDOXDEOH LQIRUPDWLRQ RQ WKH JHQHWLF
EDFNJURXQGRIWKH6RXWK(DVW$VLDQSRSXODWLRQ
 
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QRUPDO DQG DEQRUPDO JHQHV RI SRSXODWLRQV KDV EHFRPH D
UHJXODU DIIDLU JOREDOO\ (YHU\ VRFLHW\ ZKHWKHU SULPLWLYH RU
PRGHUQ KDV HWKLFDO\DUGVWLFNV WR MXGJH WKHPRUDO VWUHQJWKRI
DOODFWLRQV7KHJHQRPHVWXG\RQPDQLVQRH[FHSWLRQWRWKDW
DQGLQIDFWLWKDVJHQHUDWHGZRUOGZLGHLQWHQVHGHEDWHRQKRZ
WKH IUXLWV RI KXPDQ JHQRPH VWXGLHV FDQ EH UHFRQFLOHG ZLWK
FHUWDLQ FRUH HWKLFDO DQG VRFLDO QRUPV ZLWKRXW FRPSURPLVLQJ
ZLWKKXPDQGLJQLW\DQGKXPDQ ULJKWV WKDW WKHGHFODUDWLRQRI
WKHʊ+XPDQH*HQRPHDQG+XPDQ ULJKWs” XQGHU WKHDXVSLFHV
RI 81(6&2 VWURQJO\ DGYRFDWHV 7KH SXEOLFDWLRQ RI HWKLFDO
JXLGHOLQHV IRU ELRPHGLFDO UHVHDUFKRQKXPDQ VXEMHFW EURXJKW
RXWE\,&05*RYWRI,QGLDLVLQGHHGDODXGDEOHHQGHDYRULQ
RXU FRPPLWPHQWV WR KXPDQ ULJKWV REOLJDWLRQV DQG VRFLDO
LVVXHV+RZHYHUZKHQZHFULWLFDOO\PDNHDQDO\VLVRIVHYHUDO
VRFLDODQGHWKLFDOLPSOLFDWLRQVRIKXPDQJHQRPHVWXGLHVLWLV
WKH JHQHUDO RSLQLRQ WKDW WKH SHRSOH ZKR KDYH GRQDWHG WKHLU
ERG\ SDUWV IRU UHVHDUFK DQG VWXG\ DUH OHDVW EHQHILWHG DQG
DSSUHKHQVLRQV DUH LQ FLUFXODWLRQ WKDW WKH RXWFRPH RI KXPDQ
JHQRPH UHVHDUFK PD\ WULJJHU LQIULQJHPHQW RI KXPDQ ULJKWV
DQG KXPDQ GLJQLW\  $JDLQVW WKH EDFNGURS RI FRQFHSWXDO
IUDPHZRUN VWDWHG DERYH WKH SUHVHQW VWXG\ ZDV FDUULHG RXW
DPRQJ L LQGLYLGXDOVIDPLOLHV ZKR KDYH GRQDWHG WKHLU
EORRGWLVVXHVIRUKXPDQJHQRPHGLYHUVLW\DQGGLVHDVHVWXGLHV
DQG LL DPRQJ WKH VFLHQWLVWVVFKRODUV ZKR KDYH XQGHUWDNHQ




RI WKH SURMHFW ZLWK  WKH SHRSOH GLYLGLQJ WKH SHRSOH RI WKH
FRPPXQLW\ DV ʊQRUPDO” DQG ʊDEQRUPDO” FDWHJRULHV RU DV
YXOQHUDEOHVXVFHSWLEOH JURXS LVVXH RI LQGLYLGXDOFRPPXQLW\
FRQVHQW WKH LVVXH RI FRQILGHQWLDOLW\ RI UHVXOWV RI JHQHWLF
WHVWLQJWKHTXHVWLRQRIDXWKRUVKLSDQGULJKWWRLQIRUPDWLRQDQG
WKH LVVXH RI FRPPHUFLDO LQWHUHVW YHUVXV SHRSOHµV LQWHUHVW
3HRSOHDUHQHYHUJLYHQRSSRUWXQLW\WRNQRZWKHLPSOLFDWLRQRI
WKHLUJHQRPHVHTXHQFLQJ7KHLGHQWLILFDWLRQRIVRPHJURXSVRI
SHRSOHRU LQGLYLGXDOVZKRDUH OLNHO\ WREHFRPHYXOQHUDEOH WR
FHUWDLQJHQHWLFGLVHDVHVRUHYHQWUDFLQJWKHDQFHVWU\RISHRSOH
WR VSHFLILF HWKQLF VWDLQ RQ WKH EDVLV RI JHQRPH GDWD KDV
UHVXOWHGLQVHULRXVVRFLDODQGHWKLFDOIDOORXW7KHSDSHUSOHDGV
IRU UHVWUXFWXULQJ WKH SROLF\ RI VRFLDO DQG HWKLFDO JXLGH OLQHV


























*HQRPHZLGH DVVRFLDWLRQ VWXGLHVKDYH LGHQWLILHG VHYHUDO KRVW
JHQHWLF YDULDQWV ZLWKLQ RU QHDU JHQHV HQFRGLQJ DGDSWLYH RU
LQQDWH LPPXQH UHVSRQVHV PROHFXOHV DIIHFWLQJ KXPDQ
LPPXQRGHILFLHQF\ YLUXV +,9 LQIHFWLRQ FRXUVH $ YDULDQW
NE XSVWUHDP RI WKH +/$& JHQH  &7 KDV EHHQ
LPSOLFDWHG DV D PDMRU GHWHUPLQDQW LQ HDUO\ SKDVH DQG ODWH
RXWFRPHVRI+,9LQIHFWLRQLQIOXHQFLQJVWHDG\VWDWHYLUDOORDG
DQG WLPH WR GHDWK +RZHYHU OLWWOH LV NQRZQ UHJDUGLQJ WKH
IXQFWLRQDO HIIHFWV RI VXFK LQFUHDVH LQ YLYR LQ WHUPV RI
HQKDQFHPHQW RI 7 FHOO UHVSRQVHV  $ JURXS RI  +,9
SDWLHQWV SURJUHVVRUVDQG ORQJWHUPQRQSURJUHVVRUV
/713 DQG  XQLQIHFWHG LQGLYLGXDOV ZHUH VHOHFWHG DQG
JHQRW\SHGIRUWKH&7613XVLQJ7DTPDQ613JHQRW\SLQJ
DVVD\+/$%ZDV W\SHG E\ 3&5 DPSOLILFDWLRQ IROORZHG
E\ROLJRQXFOHRWLGHVSHFLILFDUUD\K\EULGL]DWLRQ,QDVXEJURXS
RIFRQWUROVDQG/713SDWLHQWV+/$&P51$OHYHOVZHUH
GHWHUPLQHG E\ TXDQWLWDWLYH 573&5 5HVSRQVHV WR SHSWLGHV
FRQWDLQLQJ RSWLPDOO\ GHILQHG+/$& UHVWULFWHG&7/HSLWRSHV
ZHUHGHWHUPLQHGE\(OLVSRW*HQRW\SLQJRIWKH&7YDULDQW
LQVXEMHFWVFRQILUPHGWKHDVVRFLDWLRQRIWKH&7YDULDQW
ZLWK D /713 SKHQRW\SH LQ 6SDQLVK +,9 VXEMHFWV S
YDOXH [ DOVR ZKHQ FRQVLGHULQJ WKH SURWHFWLYH +/$
% DOOHOH DV D FRYDULDWH 0HDVXUHPHQW RI +/$& P51$
OHYHOV VKRZHG D  IROG LQFUHDVH LQ WKRVH ZLWK WKH &&
JHQRW\SH FRPSDUHG WR 77 JHQRW\SH :KHQ DVVHVVLQJ
UHVSRQVHV WR SHSWLGHV FRQWDLQLQJ +/$& UHVWULFWHG HSLWRSHV
+,9 VXEMHFWV ZLWK WKH && JHQRW\SH PRXQWHG EURDGHU
UHVSRQVHV WKDQ WKRVHZLWK 77RU 7&JHQRW\SH PHGLDQ
 LQ && YHUVXVPHGLDQ  LQ &7 DQG 77  7KH 
&& JHQRW\SH LV DVVRFLDWHG WR VORZ GLVHDVH SURJUHVVLRQ LQ
286 HUGO J (2011) 5:1–346
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6SDQLVK +,9 LQIHFWHG SDWLHQWV 7KH KLJKHU +/$&
H[SUHVVLRQDVVRFLDWHGZLWK&SURWHFWLYHDOOHOHPD\OHDGWRD



















:H VWXGLHG WKH NLQHWLFV RI (SVWHLQ%DUU YLUXV (%9
GHR[\ULERQXFOHLF DFLG '1$ LQ VHUD RI QDVRSKDU\QJHDO
FDUFLQRPD 13& SDWLHQWV WR GHWHUPLQH WKH FRUUHODWLRQ ZLWK
WXPRU ORDG DQG UHVSRQVH WR WUHDWPHQW 4XDQWLWDWLYH UHDOWLPH
SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 XVLQJ 6<%5 *UHHQ ,
IOXRUHVFHQW G\H ZDV XVHG WR GHWHFW WKH (%9 '1$ FRS\
QXPEHU:HVKRZHGWKDW(%9'1$ORDGZDVVLPLODUEHWZHHQ
PDOHVDQG IHPDOHV13&SDWLHQWV5HVSHFWLQJ WKHELPRGDODJH
GLVWULEXWLRQ LQ LQWHUPHGLDWH ULVN UHJLRQ ZH VKRZHG QR
GLIIHUHQFHLQWKHDPRXQWVHUD(%9'1$ORDGEHWZHHQ\RXQJ
DQG DGXOW 13& SDWLHQWV )XUWKHUPRUH (%9 '1$ ORDG ZDV
FRUUHODWHGZLWKDGYDQFHG13&VWDJH7KLV VXJJHVWV WKDW(%9
'1$ ORDG GHSHQG RQO\ RI WXPRU VWDWXV $IWHU WUHDWPHQW WKH
(%9'1$FRQFHQWUDWLRQGHFOLQHVLJQLILFDQWO\LQ13&SDWLHQWV
,Q FRQVHTXHQFH SDWLHQW ZLWK VHUD (%9 '1$ ORDG OHVV WKDQ
FRSLHVVKRZHGDEHWWHURYHUDOOIUHHVXUYLYDO:LWKDPHDQ
RI WKUHH PRQWKV EHIRUH UDGLRORJLFDO DVVHVVPHQW (%9 '1$
ORDG TXDQWLILFDWLRQ VKRZHG WKDW SODVPD (%9 '1$ OHYHO
UHDFKHGDPD[LPXPLQUHODSVHGSDWLHQWV7KHVHUHVXOWVVXJJHVW

















LQ GHIHQFH DJDLQVW SDWKRJHQV UHSURGXFWLRQDQGSLJPHQWDWLRQ
,QKXPDQVVL[EHWDGHIHQVLQJHQHVDUHFOXVWHUHGLQDUHSHDWHG
UHJLRQ ZKLFK LV FRS\QXPEHU YDULDEOH DV D EORFN ZLWK D
GLSORLG FRS\ QXPEHU EHWZHHQ  DQG  7KH UROH LQ KRVW
GHIHQFH PDNHV WKH HYROXWLRQDU\ KLVWRU\ RI WKLV &19
SDUWLFXODUO\ LQWHUHVWLQJ EHFDXVH PRUELGLW\ GXH WR LQIHFWLRXV
GLVHDVH LV OLNHO\ WR KDYH EHHQ DQ LPSRUWDQW VHOHFWLYH IRUFH LQ
KXPDQ HYROXWLRQ DQG WR KDYH YDULHG EHWZHHQ JHRJUDSKLFDO
ORFDWLRQV+HUHZHVKRZ&19RI WKHEHWDGHIHQVLQUHJLRQ LQ
FKLPSDQ]HHVDQGLGHQWLI\DEHWDGHIHQVLQEORFNLQWKHKXPDQ
OLQHDJH WKDW FRQWDLQV UDSLGO\HYROYLQJ QRQFRGLQJ UHJXODWRU\
VHTXHQFHV:HDOVRVKRZWKDWYDULDWLRQDWRQHRIWKHVHUDSLGO\
HYROYLQJ VHTXHQFHV DIIHFWV H[SUHVVLRQ OHYHOV DQG F\WRNLQH
UHVSRQVLYHQHVVRI'()%DNH\LQKLELWRURILQIOXHQ]DYLUXV
IXVLRQ DW WKH FHOO VXUIDFH $ ZRUOGZLGH DQDO\VLV RI EHWD
GHIHQVLQ &19 LQ  SRSXODWLRQV VKRZV DQ XQXVXDOO\ KLJK
IUHTXHQF\ RI KLJK'()%H[SUHVVLQJ FRSLHV LQ (DVW $VLD
WKH JHRJUDSKLFDO RULJLQ RI KLVWRULFDO DQG PRGHUQ LQIOXHQ]D



















&DQGLGD DOELFDQV LV D IDFXOWDWLYH FRPPHQVDO \HDVW RI WKH
KXPDQ JDVWURLQWHVWLQDO DQG JHQLWDOPXFRVD0HGLFDO SURJUHVV
LQGHYHORSLQJFRXQWULHVKDVEHHQDFFRPSDQLHGE\DQLQFUHDVH




YDJLQDO FRORQL]DWLRQ E\ &DQGLGD VSHFLHV LQ DV\PSWRPDWLF
KHDOWK\ ZRPHQ OLYLQJ LQ 0RURFFR (YDOXDWH WKH VSHFLHV
GLVWULEXWLRQIURPWKLVFROOHFWLRQRI&DQGLGDLVRODWHV'HWHUPLQH
WKH JHQHWLF GLYHUVLW\ RI & DOELFDQV VWUDLQV LVRODWHG IURP
YDJLQDO VDPSOHV LQ 0RURFFR ([DPLQH JHQHWLF UHODWLRQVKLSV
DPRQJ&DOELFDQVUHFRYHUHGGXULQJYDJLQDOFRORQL]DWLRQIURP
KHDOWK\ ZRPHQ IURP  FRXQWULHV UHSUHVHQWLQJ  FRQWLQHQWV
0RURFFR1RUWK$IULFD)UDQFH:HVWHUQ(XURSHDQG%UD]LO
6RXWK $PHULFD  RXW RI  YDJLQDO FXOWXUHV IURP
DV\PSWRPDWLFZRPHQH[DPLQHGDW WKHFRQVXOWDWLRQRI,QVWLWXW
3DVWHXU &DVDEODQFD IURP  WR  ,GHQWLILFDWLRQ RI
&DQGLGD VSHFLHV ZDV SHUIRUPHG XVLQJ $3, & JDOOHULHV
&+520$JDU &DQGLGD LGHQWLILFDWLRQ DQG 3&5 ,76 ZLWK
VHTXHQFLQJ RI ,76	 UHJLRQV $OO & DOELFDQV LVRODWHV
REWDLQHG ZHUH W\SHG E\ 0/67 :H IRXQG  FOLQLFDO
LVRODWLRQVRI&DQGLGDVSSLQGLFDWLQJDSUHYDOHQFHRIIRU
JHQLWDO FDUULDJH LQ WKH LQYHVWLJDWHG SRSXODWLRQ 3KHQRW\SLQJ
DQG3&5DQDO\VLVVKRZHGWKDWZHUH&DOELFDQVDQG
ZHUHRWKHU VSHFLHV & JODEUDWD & WURSLFDOLV 
&SDUDSVLORVLV&GXEOLQLHQVLV7KLVFRQILUPHG
WKH SUHGRPLQDQFH RI & DOELFDQV LQ JHQLWDO VSHFLPHQ
0ROHFXODU W\SLQJ RI &DQGLGD VSS ZDV GRQH E\ 0/67 DQG
LQGLFDWHG WKDW & DOELFDQV LVRODWHV KDG D SK\ORJHQHWLF
GLVWULEXWLRQ PRVWO\ VLPLODU WR WKDW REVHUYHG LQ GHYHORSHG
FRXQWULHV 0/67 RI & DOELFDQV LVRODWHV RULJLQDWHG IURP
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0RURFFR UHYHDOHG DQ H[WHQVLYHGLYHUVLW\0/67 VKRZHG WKDW
WKH GLVWULEXWLRQ LQ FODGHV RI & DOELFDQV YDJLQDO LVRODWHV

















*DVWULF FDQFHU *& UHPDLQV DV RQH RI WKH PDMRU FDXVHV RI
FDQFHU GHDWK LQ GHYHORSLQJ FRXQWULHV VXFK DV ,UDQ *& LV D
PXOWLIDFWRULDO GLVHDVH LQ ZKLFK KRVW JHQHWLF VXVFHSWLELOLW\
SDUWLFXODUO\ SUR DQG DQWL LQIODPPDWRU\ F\WRNLQHV + S\ORUL
LQIHFWLRQ DQG HQYLURQPHQWDO IDFWRUV DUH LQYROYHG :H KDYH
WKHUHIRUHLQYHVWLJDWHGWKHUROHRI,/SRO\PRUSKLVPVZKLFK
OHDG WR LWV GRZQ UHJXODWLRQ\LHOGLQJ D SURLQIODPPDWRU\ VWDWH
FDXVLQJ VXVFHSWLELOLW\ WR JDVWURLQWHVWLQDO PXFRVDO GDPDJHV
'\VSHSWLF SDWLHQWV  18' DQG '8'ZKR XQGHUZHQW
XSSHU *, HQGRVFRS\ ZHUH LQFOXGHG LQ WKH VWXG\ IROORZLQJ
SURYLVLRQRILQIRUPHGFRQVHQW+SLQIHFWLRQZDVLGHQWLILHGE\
ELRSV\ EDVHG PHWKRGV LQFOXGLQJ 587 FXOWXUH DQG
KLVWRSDWKRORJ\ DV ZHOO DV VHURORJ\ ,/ VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV LQ WKUHH ORFL   DQG  ZHUH
LQYHVWLJDWHG LQGLYLGXDOO\ E\ RXU QHZO\ GHYHORSHG 3&5WZR
FRQIURQWLQJSDLUVRISULPHUV3&5&733DSSURDFKLQVWHDGRI
WKH URXWLQH 3&55)/3 PHWKRG 2XU QHZO\ GHVLJQHG 3&5
&733PHWKRGZDV FRQILUPHGE\ UDQGRPVHTXHQFLQJRI3&5
SURGXFWV ,/ SRO\PRUSKLVPV DW WKH WKUHH PHQWLRQHG ORFL
*&&!$7$ORZ,/SURGXFHUVSOXV+SLQIHFWLRQLQFUHDVHG
WKH ULVN RI SUHPDOLJQDQW OHVLRQ GHYHORSPHQW E\ QHDUO\ WKUHH




*&&!$7$ ORZ ,/ SURGXFHUV IXUWKHU HQKDQFHG WKH ULVN
RI '8 GHYHORSPHQW LQ +S LQIHFWHG SDWLHQWV 25 
&,  3URILOLQJ DQWLLQIODPPDWRU\ ,/ JHQH
SRO\PRUSKLVPVGHPRQVWUDWHGDVLJQLILFDQWO\HQKDQFHGULVNRI
GHYHORSLQJ JDVWULF SUHPDOLJQDQW OHVLRQV DV ZHOO DV GXRGHQDO
XOFHUV DPRQJ SDWLHQWV ZLWK $7$ ORZ ,/ SURGXFHUV















$ONDSRWRQXULD $.8 LV RQH RI WKH IRXU LQLWLDOO\ LGHQWLILHG
LQERUQ HUURUV RI PHWDEROLVP ,W LV DQ DXWRVRPDO UHFHVVLYH
GLVRUGHU FKDUDFWHUL]HG E\ H[FUHWLRQ RI ODUJH TXDQWLWLHV RI
KRPRJHQWLVLF DFLG +*$ LQ XULQH DQG D VORZO\ SURJUHVVLYH
GHSRVLWLRQRI+*$ LQ FRQQHFWLYH WLVVXHV&OLQLFDO IHDWXUHVRI
$.8DUHGDUNHQLQJRIXULQHGDUNSLJPHQWDWLRQRIFRQQHFWLYH
WLVVXHV RFKURQRVLV DQG DUWKULWLV $.8 DIIHFWV  LQ 
SHRSOH ZRUOGZLGH KRZHYHU WKH SUHYDOHQFH LV XQNQRZQ LQ
-RUGDQ2EMHFWLYHV$ UHVHDUFK SURMHFWZDV ODXQFKHG UHFHQWO\
LQ -RUGDQ 7KH DLPV RI WKH SURMHFW ZHUH WR GHWHUPLQH WKH
SUHYDOHQFHRI$.8LQ-RUGDQUDLVHWKHDZDUHQHVVDERXW$.8
DPRQJ KHDOWK FDUH SURYLGHUV DQG WKH FRPPXQLW\ VFUHHQ DOO
IDPLO\ PHPEHUV ZLWK KLVWRU\ RI $.8 DQG WR LGHQWLI\
PXWDWLRQV LQ WKH +*' JHQH LQ DIIHFWHG LQGLYLGXDOV 7KH
SUHOLPLQDU\ UHVXOWV RI VFUHHQLQJ DOO IDPLO\ PHPEHUV ZLWK
KLVWRU\RI$.8KDYH LGHQWLILHGFDVHVRI$.8DJH UDQJH
\HDUV7KHFOLQLFDOELRFKHPLFDODQGJHQHWLFILQGLQJVZLOO
EH SUHVHQWHG )LYH QRYHO PXWDWLRQV KDYH EHHQ LGHQWLILHG LQ
-RUGDQLDQ SRSXODWLRQ 7KH SUHYDOHQFH RI $.8 DPRQJ
-RUGDQLDQ LV OLNHO\ WR EH JUHDWHU WKDQ SUHYDOHQFH UDWHV
ZRUOGZLGHGXH WR WKHKLJK UDWHRI FRQVDQJXLQHRXVPDUULDJHV
7KHUHIRUH DZDUHQHVV FDPSDLJQV DUH QHHGHG WR H[SODLQ WKH






















,QERUQ HUURUV RI PHWDEROLVP ,(0 GLVRUGHUV DUH D JURXS RI
UDUH JHQHWLF FRQGLWLRQV WKDW UHVXOW IURP DEQRUPDOLWLHV LQ WKH
V\QWKHVLV RU FDWDEROLVP RI SURWHLQV FDUERK\GUDWHV IDWV RU
FRPSOH[ PROHFXOHV 0RVW PHWDEROLF GLVRUGHUV DUH PRVWO\
UHFHVVLYH DQG SUHVHQW LQ QHRQDWDO RU HDUO\ LQIDQF\ SHULRG EXW
VRPH FRXOG SUHVHQW LQ FKLOGKRRG RU HYHQ DGXOWKRRG 'XH WR
KLJK UDWHV RI FRQVDQJXLQLW\ LQ WKH8QLWHG$UDE(PLUDWHV DQG
RWKHU $UDE DQG0LGGOH (DVWHUQ FRXQWULHV ,(0 GLVRUGHUV DUH
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HQFRXQWHUHGPRUH IUHTXHQWO\ WKDQ LQ WKH UHVWRI WKHZRUOG ,Q
8$(SRSXODWLRQPRUHWKDQPHWDEROLFGLVRUGHUVKDYHEHHQ
UHSRUWHG+RZHYHU WKHPROHFXODUXQGHUO\LQJFDXVHVKDYHQRW
EHHQ HVWDEOLVKHG IRU WKH PDMRULW\ RI WKRVH GLVRUGHUV  '1$
VDPSOHV IURP XQUHODWHG ,VRYDOHULF DFDGHPLD ,9$SDWLHQWV
DQG  XQUHODWHG SKHQ\ONHWRQXULD 3.8 SDWLHQWV ZHUH
HYDOXDWHG IRUGHIHFWV LQ LVRYDOHU\O&R$GHK\GURJHQDVH ,9'
DQG K\SHUSKHQ\ODODQLQHPLD 3$+ JHQHV UHVSHFWLYHO\ XVLQJ
GLUHFW JHQRPLF VHTXHQFLQJ 7R DVVHVV WKH VHYHULW\ RI D
PXWDWLRQµV LPSDFW WKHH[SORUDWLRQRI WKHVWUXFWXUDOSURSHUWLHV
DQGSRWHQWLDOPRGXODWLRQRIWKHVHPXWDQWSURWHLQVZDVFDUULHG
RXWXVLQJ'HHS9LHZYHUVLRQSURJUDP,QWKH3$+JHQH
D WRWDO RI  GLIIHUHQWPXWDWLRQVZHUH LGHQWLILHG LQFOXGLQJ 
PLVVHQVHDQGVSOLFHPXWDWLRQV2QO\RQHVSOLFHPXWDWLRQZDV
QRYHO:KHUHDVLQWKHFDVHRI,9'JHQHWKUHHQRYHOPXWDWLRQV
ZHUHGHWHFWHG2QHRI WKHPKDVEHHQUHSRUWHG WREH WKHPRVW
IUHTXHQWPXWDWLRQ IRXQG LQ 8$(,9$ SDWLHQWV EDVHG RQ WKH
LGHQWLILFDWLRQRIWKLVPXWDWLRQLQWZRXQUHODWHG8$(IDPLOLHV
0XWDWLRQ DQDO\VLV RI ,(0 LQ 8$( SRSXODWLRQV FRXOG
WKHUHIRUH EH KHOSIXO IRU IXUWKHU XQGHUVWDQGLQJ RI WKH



















DLP RI WKLV VWXG\ ZDV WR GHWHUPLQH IUHTXHQF\ RI +)(
PXWDWLRQV LQ 6ORYDNPDMRULW\ DQG5RPDQ\ SRSXODWLRQ DQG WR
FRPSDUH WZR KLJKWKURXJKSXW UHDOWLPH 3&5 PHWKRGV RI
GHWHFWLRQRIWKHVHPXWDWLRQV7KHDQDO\]HGVDPSOHFRQVLVWHGRI
XQUHODWHG LQGLYLGXDOV IURP HDVWHUQ 6ORYDNLD VHOHFWHG
UDQGRPO\UHJDUGOHVVRIWKHLUKHDOWKVWDWXV%XFFDOVZDEVZHUH
FROOHFWHGLQGLYLGXDOVJHQRW\SLQJDOOWKUHHPXWDWLRQVZHUH
VXFFHVVIXO LQ  VXEMHFWV WKH PDMRULW\ RI 6ORYDNLD
V
SRSXODWLRQPHQDQGZRPHQDQG5RPDPLQRULW\
LQGLYLGXDOV  PHQ DQG  ZRPHQ *HQRPLF '1$ ZDV
H[WUDFWHGIURPEXFFDOVZDEVE\VWDQGDUGH[WUDFWLRQSURFHGXUHV




DOWHUQDWLYHV ZKLFK ZH WKHQ FRPSDUHG DQG HYDOXDWHG WKHLU
XVHIXOQHVV IRU IXUWKHU SUDFWLFH &RPPHUFLDO NLWV
+HPRFKURPDWRVLV +)(&< DQG +HPRFKURPDWRVLV +)(
+' 6& 1XFOHDU /DVHU0HGLFLQH ,WDO\ DOORZ VHDPOHVV
UDSLGGHWHFWLRQRIWKUHHPXWDWLRQVLQWKH+)(JHQH*HQRW\SH
RI DQDO\]HG VDPSOHVZDV GHWHUPLQHG IURP WKHPHOWLQJ FXUYH
JUDSKJHQHUDWHGE\VRIWZDUH5RWRU*HQH2XUDLPZDVDOVR WR
RSWLPL]H WKH SURWRFRO IRU KLJKSHUIRUPDQFH PHWKRG IRU UHDO
WLPH 3&5 GHWHFWLRQ KHPRFKURPDWRVLV PXWDWLRQV EDVHG RQ
7DT0DQSUREHVDQGFRPSDUHGWKLVPHWKRGZLWKDVWDQGDUGL]HG
NLW IRU GHWHFWLRQ +)(PXWDWLRQV LQ WHUPV RI HIILFLHQF\
ILQDQFLDO DQG WLPH GHPDQGV 7KH UHDFWLRQ ZDV RSWLPL]HG
VHSDUDWHO\ IRU HDFK PXWDWLRQ YDU\LQJ WKH FRQFHQWUDWLRQ RI
ODEHOHG SUREHV DQG FKDQJH LQ FRQGLWLRQV RI 3&5 UHDFWLRQV
'XULQJ RSWLPL]DWLRQ ZH XVHG VDPSOHV RI NQRZQ JHQRW\SH
SUHYLRXVO\ KDG EHHQ JHQRW\SHG XVLQJ FRPPHUFLDO NLWV )5(7
PHWKRG PHOWLQJFXUYHDQDO\VLV&RXUVHRI WKH3&5UHDFWLRQ
ZDV HYDOXDWHG E\ DQDO\VLV VFDWWHU SORW DQG DOOHOLF
GLVFULPLQDWLRQ
 WKH FDUU\LQJ GHYLFH VRIWZDUH 5RWRU*HQH 7KH
REVHUYHG DOOHOH IUHTXHQFLHV ZHUH  &< 
+'DQG6&LQWKHPDMRULW\DQG&<




ORZHU WKDQ LQ WKH PDMRULW\ SRSXODWLRQ DQG LW ZDV DOVR ORZHU



















UHODWHGGLVRUGHUV DPRQJFOLQLFDOO\ VXVSHFWHGFDVHV UHIHUUHG WR
WKH %LRFKHPLFDO *HQHWLFV 'HSDUWPHQW 1DWLRQDO 5HVHDUFK
&HQWUH WR ILQGRXW WKHGLVWULEXWLRQDQG WKH IUHTXHQF\RIHDFK
W\SH DPRQJ WKH (J\SWLDQ SRSXODWLRQ $PRQJ  SDWLHQWV
VFUHHQHG IRU036 FDVHVKDGHOHYDWHG*$*6 LQ
XULQH 7ZR GLPHQVLRQDO HOHFWURSKRUHWLF VHSDUDWLRQ RI *$*6
IRU WKLV  FDVHV UHYHDOHG 036SDWLHQWV RXW RI
WKHDQGRXWRIWKH$QRWKHUFDVHV
IURPWKHZHUHGLDJQRVHGDVKDYLQJ0XFROLSLGRVLV7KH




Q  RXWRI WKH DQG0369, 0DURWHDX[/DP\
Q   $QRWKHU  SDWLHQWV ZHUH GLDJQRVHG E\ WKH
VSHFLILF HQ]\PH DVVD\ WR KDYH036 W\SH ,9$$FFRUGLQJO\
WKHWRWDOQXPEHURI036SDWLHQWVGLDJQRVHGGXULQJWKHODVW
\HDUV LV  FDVHV ZLWK WKH IROORZLQJ GLVWULEXWLRQ  036




FDVHV IRU HOHFWURSKRUHWLF VHSDUDWLRQ RI *$*6 +RZHYHU
HQ]\PDWLF DVVD\ LV PDQGDWRU\ WR FRQILUP WKH 036 W\SH
HVSHFLDOO\ ZLWK WKH SUHVHQFH RI HQ]\PH UHSODFHPHQW WKHUDS\
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IRU W\SH , ,, 9, DQG IRU SUHQDWDO GLDJQRVLV LQ IXWXUH





















$GLSRVH WLVVXH FDQEHGLYLGHG LQ WZRPDMRU W\SHVZKLWH DQG
EURZQ:KHUHDVZKLWH DGLSRF\WHV VWRUH H[FHVV HQHUJ\ DV IDW
EURZQ DGLSRF\WHV DUH DEOH WR GLVVLSDWH HQHUJ\ DV KHDW
8QGHUVWDQGLQJ GLIIHUHQFHV EHWZHHQ WKHVH WZR W\SHV DW WKH
JHQRPLF DQG WUDQVFULSWRPLF OHYHOV LV KHOSIXO LQ WKH HYHQWXDO
DLP RI DGGUHVVLQJ REHVLW\ 7KH ZKLWH DGLSRF\WHV DQG WKH
FODVVLF EURZQ DGLSRF\WHV RULJLQDWH IURP GLVWLQFW FHOOXODU
OLQHDJHV+RZHYHUDGLSRF\WHVLQVHYHUDOZKLWHDGLSRVHGHSRWV
FDQ LQ D EHWDDGUHQHUJLFGHSHQGHQW PDQQHU WUDQVIRUP LQWR
EURZQOLNH WKHUPRJHQLF DGLSRF\WHV H[SUHVVLQJPDQ\ EXW QRW
DOO FKDUDFWHULVWLF EURZQ DGLSRF\WHPDUNHUV ,Q WKLV VWXG\ ZH
SHUIRUPHGDWUDQVFULSWRPHDQDO\VLVRILQJXLQDO:$7L:$7
HSLGLG\PDO :$7 H:$7 DQG LQWHUVFDSXODU %$7 L%$7
IURP FROGH[SRVHG PLFH WR HOXFLGDWH VLPLODULWLHV DQG
GLIIHUHQFHV LQ JHQH H[SUHVVLRQ RI WKHVH DGLSRVH WLVVXHV 7KH
WUDQVFULSWRPH DQDO\VLV ZDV EDVHG RQ WKH 'LIIHUHQWLDO *HQH
([SUHVVLRQ 7DJ3URILOLQJ '*(3 SURWRFRO XVLQJ ,OOXPLQD
VHTXHQFLQJWHFKQRORJ\3ULRUWRFROGH[SRVXUHL%$7H[KLELWHG
D UHODWLYHO\ KLJK H[SUHVVLRQ RI JHQHV LQYROYHG LQ PHWDEROLF
SDWKZD\V VXFK DV IDWW\ DFLG ELRV\QWKHVLV DQG R[LGDWLYH
SKRVSKRU\ODWLRQ ZKLOH L:$7 DQG H:$7 H[KLELWHG D KLJK
EDVDO H[SUHVVLRQ RI JHQHV LQYROYHG LQ RWKHU QRQPHWDEROLF
SDWKZD\V &ROG LQGXFWLRQ OHG WR D VKLIW LQ L:$7 JHQH
H[SUHVVLRQVRWKDWPHWDEROLFJHQHVZHUHH[SUHVVHGDWDKLJKHU
OHYHO  2XU UHVXOWV SURYLGH LQIRUPDWLRQ WKDW ZLOO KHOS
XQGHUVWDQG GLIIHUHQFHV LQ WKH VLJQDOLQJ SDWKZD\V LQYROYHG LQ
















DQG WKH LQIOXHQFHRI WKH HQYLURQPHQW LQ WKH FKDUDFWHULVWLFVRI
KXPDQ JHQHWLF GLVRUGHUV UHPDLQ RI JUHDW LPSRUWDQFH LQ WKLV
YLHZ WKHJHQRW\SHSKHQRW\SHFRUUHODWLRQV LQSKHQ\ONHWRQXULD
3.8LVDSRVVLEOHZD\WRORRNIRUWKHVHUHODWLRQVKLSV3.8
LV DQ DXWRVRPDO UHFHVVLYH GLVHDVH WKDW LI LV XQWUHDWHG ZLOO
LPSDLU SRVWQDWDO FRJQLWLYH GHYHORSPHQW UHVXOWLQJ IURP D
QHXURWR[LF HIIHFW RI K\SHUSKHQ\ODODQLQHPLD +3$ WKH
DVVRFLDWHG FOLQLFDO SKHQRW\SH YDULHV FRQVLGHUDEO\ ,WV
PHWDEROLF SKHQRW\SH LV DFFRXQWDEOH WR PXOWLIDFWRULDO RULJLQV
ERWK LQ QXUWXUH ZKHUH WKH QRUPDO QXWULWLRQ LQWURGXFHV /
SKHQ\ODODQLOQH 3KH DQG LQ QDWXUH ZKHUH PXWDWLRQV !
DOOHOHV RFFXU LQ WKH 3$+ JHQH 7KH DOOHOLF YDULDWLRQ DW WKH
3$+ ORFXV \LHOG JUHDWHU RU OHVVHU ULVN RI LPSDLUHG FRJQLWLYH
GHYHORSPHQWDFFRUGLQJWRWKHGHJUHHRI+3$WKDWLVOLQNHGWR
WKH WKHUDSHXWLF FKDUDFWHULVWLFV 7KH FOLQLFDO HYDOXDWLRQ RI D
JURXS RI  3.8SDWLHQWV ZLWK GLIIHUHQW VWDJH RI WUHDWPHQW
IURPFOLQLFDOVHFWLRQVRI&OXM&KLOGUHQ+RVSLWDO5RPDQLDZDV




V 3URJUHVVLYH 0DWULFHV IRU WKRVH DERYH  \HDUV
%LRFKHPLFDO SKHQRW\SHV DVVRFLDWHG ZHUH LQFOXGHG LQ VHYHUH
PRGHUDWH3.83KHȝPROORUPLOG+3$IRU3KH
 ȝPROO 7KH OHXNRF\WH '1$ ZDV LVRODWHG XVLQJ
FODVVLFDO PHWKRG SKHQRO DQG FKORURIRUP IROORZHG E\
SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 ZLWK VXEVHTXHQW UHVWULFWLRQ
DQDO\VLV ,Q WKLVJURXSZH LGHQWLILHGSDWLHQWVKRPR]\JRXV IRU
PXWDWLRQ 5: IRU PRUH WKDQ  SDWLHQWV FRPSRXQG
KHWHUR]\JRWHVIRU5:/6RU5:54PXWDWLRQV























$GLSRVH WLVVXH VHFUHWHG F\WRNLQHV DGLSRF\WRNLQHV KDYH
VLJQLILFDQW HIIHFWV LQ WKHSK\VLRORJ\ DQGSDWKRORJ\RI KXPDQ
PHWDEROLVP UHOHYDQW WR GLDEHWHV DQG FDUGLRYDVFXODU GLVHDVH
:H GHWHUPLQHG WKH UHODWLRQVKLS RI WKH SDWWHUQ RI WKHVH




FKLOGUHQDQG UHSOLFDWLRQFRKRUWRI IDPLOLHV DGXOWVDQG
 FKLOGUHQ@ ZHUH UDQGRPO\ VHOHFWHG IURP WKH 5,<$'+
&RKRUW VWXG\$QWKURSRPHWULFVZHUHHYDOXDWHGDQGPHWDEROLF
PHDVXUHVVXFKDVIDVWLQJVHUXPJOXFRVHOLSLGSURILOHVLQVXOLQ
OHSWLQ DGLSRQHFWLQ UHVLVWLQ WXPRU QHFURVLV IDFWRU DOSKD
DFWLYDWHGSODVPLQRJHQDFWLYDWRULQKLELWRU&UHDFWLYHSURWHLQ
DQG DQJLRWHQVLQ ,, ZHUH DOVR DVVHVVHG 3DUHQWRIIVSULQJ
UHJUHVVLRQV UHYHDOHG WKDW ZLWK WKH H[FHSWLRQ RI KV&53 DOO
KRUPRQHV PHDVXUHG VKRZHG HYLGHQFH IRU VLJQLILFDQW
LQKHULWDQFH3ULQFLSDOFRPSRQHQW3&DQDO\VLVRIVWDQGDUGL]HG
KRUPRQH OHYHOV GHPRQVWUDWHG VXUSULVLQJ KHULWDELOLW\ RI WKH
WKUHHPRVWFRPPRQD[HVRIYDULDWLRQ 3&ZKLFKH[SODLQHG
 RI WKH YDULDWLRQZDVPRVW VWURQJO\ ORDGHG RQ OHYHOV RI
OHSWLQ 71)Ì LQVXOLQ DQG D3$, DQG LQYHUVHO\ ZLWK
DGLSRQHFWLQ ,W ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK ERG\ PDVV
LQGH[ %0, ZKLFK ZDV VWURQJHU LQ FKLOGUHQ DQG VKRZHG D
KHULWDELOLW\ RI a DIWHU DGMXVWPHQW IRU DJH JHQGHU DQG
JHQHUDWLRQDO HIIHFWV $GLSRF\WRNLQHV DUH KLJKO\ KHULWDEOH DQG
WKHLU SDWWHUQ RI FRYDULDWLRQ VLJQLILFDQWO\ LQIOXHQFHV %0, DV
HDUO\ DV SUHWHHQV ,QYHVWLJDWLRQ DW WKH JHQRPLF VFDOH LV


















/HYDQ %6/ UHOHYDQW IRU SUHYHQWLRQ RI WXPRU GHYHORSPHQW
GXULQJ LQLWLDWLRQ VWDJH 7KH LQLWLDWLRQ LV WKH ILUVW VWDJH RI
FDUFLQRJHQHVLV DQG WKH DFWLYLW\ RI %6/ FDQ EH WHVWHG YLD D
VHULHVRI DVVD\V LWV HIIHFWRQ&<3 &DUFLQRJHQDFWLYDWRU
&\WRFKURPH 3 HQ]\PH ZKLFK DUH FDUFLQRJHQ DFWLYDWRU
HQ]\PHV LWV HIIHFW RQ *67V JOXWDWKLRQH 6WUDQVIHUDVH
HQ]\PHV UHVSRQVLEOH IRU WKH UHPRYLQJ RI FDUFLQRJHQV LH
GHWR[LILFDWLRQ HQ]\PHV DQG LWV VFDYHQJLQJ FDSDFLW\ WRZDUGV
'33+UDGLFDOV([SHULPHQWZDVSHUIRUPHGXVLQJ+HS*FHOOV
,W ZDV FXOWXUHG LQ WLVVXH FXOWXUH IODVNV DQG PDLQWDLQHG LQ
530, PHGLXP 5HVXOWV  VKRZHG WKDW %6/UHVXOWHG LQ D
VLJQLILFDQW LQFUHDVH LQ *67 DFWLYLW\ DQG *6+ JOXWDWKLRQH
OHYHO %6/ GHFUHDVHG *673 H[SUHVVLRQ LQ KHSDWRF\WHV%6/
SRVVHVVHG DQWL LQIODPPDWRU\ DFWLYLW\ WKURXJK LWV FDSDFLW\ WR
HQKDQFH PDFURSKDJHV SUROLIHUDWLRQ UDWH DQG LWV DELOLW\ WR
LQKLELWVWLPXODWHGQLWURXVR[LGH71)ĮDQG&R[OHYHOVE\LWV
KLJK 6&  YDOXH KDOI PD[LPDO VFDYHQJLQJ FDSDFLW\ ,Q
DGGLWLRQVLJQLILFDQW&<3$LQKLELWLRQUHVXOWHG,QFRQFOXVLRQ
%6/ ZDV UHSUHVHQWHG DV SURPLVLQJ FDQFHU FKHPRSUHYHQWLYH


















7KLV SUHVHQWDWLRQ ZLOO GHDO ZLWK GLUHFWWRFRQVXPHU JHQHWLF
WHVWV '7&*7 WKDW UHSUHVHQW D QHZ RQOLQHPDUNHW VLQFH WKH




QHZ WRROV RI ʊSHUVRQDOL]HG genomics” 3XEOLF KHDOWK
DXWKRULWLHV DQG ELRHWKLFV FRPPLWWHHV ZRUOGZLGH TXHVWLRQ WKH
XVHV RI '7&*7 KHDOWK FDUH V\VWHPV KDYH WR IDFH D QRYHO
VLWXDWLRQ VLQFH WKH\ DUH FXUUHQWO\ UHJXODWLQJ JHQHUDO XVH RI
JHQHWLF WHVWV EXW WKH'7&*7HHFRQRP\ FKDOOHQJHV QDWLRQDO
DV ZHOO DV UHJLRQDO DWWHPSWV RI FRQWURO  %H\RQG GHEDWHV
EHWZHHQ SURIHVVLRQDOV LW LV UHOHYDQW WR H[SORUH WKH ZLGHU
FRQWH[WRIDSSHDUDQFHRIWKLVQHZHHFRQRP\7KXVWKHVWXG\
DLPV DW LQYHVWLJDWLQJ XVHUV
 PRWLYHV IRU SXUFKDVLQJ VXFK
GHYLFHVRQOLQHDVZHOODVWKHLUSHUFHSWLRQVRI'7&*7DQGWKH
ZD\ WKH\ LQWHJUDWH RU QRW WKHVH WHVWV LQ WKHLU LWLQHUDULHV RI
KHDOWK PDQDJHPHQW DQG LGHQWLW\ TXHVW *LYHQ WKH LQFUHDVHG
LPSRUWDQFHRI LQIRUPHGFRQVHQWDQG WKHJURZLQJ WHQGHQF\RI
KHDOWK SUDFWLWLRQHUV WR HQFRXUDJH SDWLHQWV WR UDWLRQDOL]H WKHLU
KHDOWK GHFLVLRQV LQGLYLGXDOV DUHPRUH DQGPRUH HPSRZHUHG
7KHVWXG\DOVRH[SORUHVWKHGLDOHFWLF OLQNVEHWZHHQDXWRQRP\
RIFKRLFHDQGDFFHVV WRJHQHWLFNQRZOHGJHFRQVXPHULVPDQG
ʊKHDOWKLVP”, SHUVRQDO ULVN PDQDJHPHQW EHKDYLRUV DQG
LQVWLWXWLRQDOSXEOLFKHDOWKPHVVDJHV 0HWKRG7KLV VWXG\KDV
EHHQ FRQGXFWHG WKURXJK TXDOLWDWLYH VRFLRORJLFDO PHWKRGV
EDVHGRQDJURXQGHGWKHRU\DSSURDFK'DWDZHUHFROOHFWHGRQ
RQH KDQG WKURXJK LQWHUYLHZV 1  ZLWK XVHUV DQG RQ WKH
RWKHU KDQG WKURXJKDQDO\VLVRI UHOHYDQWZHEVLWHV DQG IRUXPV
%DVHG RQ WKH XVHUV
 ZRUGV DQG YLHZV WKH VWXG\ VKRZV 
'7&*7UHVXOWVVWDWLQJLQGLYLGXDOJHQHWLFVXVFHSWLELOLWLHVFDQ
EH H[SHULHQFHGDV DPHGLFDO GLDJQRVLV6WDWLVWLFDO ULVN LQGHHG
WHQGVWREHIUDPHGLQGLYLGXDOO\IRUH[DPSOHDVDYDOLGDWLRQRI
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RQH
V IDPLO\PHGLFDO KLVWRU\ DQG QRW DV D QHXWUDO ILJXUH 
(YHQ PLQRU GHYLDWLRQV IURP WKH PHDQ ILJXUHV FDQ OHDG WR




VSHFLILFLWLHV LQWR DFFRXQW  7KH VKDULQJ RI '7&*7 XVHUV

H[SHULHQFHV KDV UHVXOWHG LQ WKH DSSHDUDQFH RI YLUWXDO ELR





















LQQDWH DELOLWLHV 7KLV SUHVHQWV D XQLTXH FRQXQGUXP IRU ERWK
VFLHQWLILF DQG JRYHUQPHQW DJHQFLHV WR GHWHUPLQH KRZ ZH
YDOLGDWH WKHVH WHVWV DQG DUH SUHVHQW GD\ JHQRPLF SODWIRUPV
UHDOO\SUHGLFWLYHIRUVXFKSKHQRW\SHVRUDUHWKH\XVHGDVFOHYHU
PDUNHWLQJ WRROV WR SURPRWH SHUVRQDO JHQRPLF VHUYLFHV"  ,W LV
LPSHUDWLYHWKDWDUHJXODWRU\IUDPHZRUNKDVWREHGHYHORSHGWR
DFKLHYH VRPH FRQVHQVXV DV WR KRZ UHJXODWRU\ DXWKRULWLHV FDQ
YDOLGDWH XSVWUHDP VFLHQWLILF JHQRPLF WRROV XVHG IRU JHQHWLF
WHVWV DVZHOO DV GRZQVWUHDPJRYHUQDQFHRI SHUVRQDO JHQRPLF
LQIRUPDWLRQ7KHXSVWUHDPYDOLGDWLRQRIDQ\VLQJOHQXFOHRWLGH





MXVW VFLHQWLILF SURRI EXW WKH ULSSOH HIIHFW RI VXFK JHQHWLF WHVW
UHVXOWV RQ VRFLHW\ )RU DV DQG ZKHQ D WUXH JHQHWLF PDS FDQ
DFFXUDWHO\ SUHGLFW DQ LQGLYLGXDO
V VXVFHSWLELOLW\ WR D GLVHDVH
SKHQRW\SHZHKDYH WREHSUHSDUHG WR FRQFXUUHQWO\DGGUHVV D
KRVWRIELRHWKLFDOLVVXHVZKLFKPD\QRWKDYHEHHQDGHTXDWHO\
FRQVLGHUHG 7KHROGDGDJHWKDWSUHYHQWLRQLVEHWWHU WKDQFXUH
UHVRQDWHV ZLWK SURSRQHQWV RI '7& JHQHWLF WHVWLQJ )RU DQ
LQGLYLGXDO WR UHFRJQL]H WKDW KH LV SUHGLVSRVHG WR JUHDWHU
FDUGLRYDVFXODURUFDQFHUULVNVPD\HQFRXUDJH WKHDGRSWLRQRI
KHDOWKLHU OLIHVW\OH KDELWV KRZHYHU WKH FRQYHUVH LV DOVR WUXH
ZKHUHE\ULVNLHUEHKDYLRUVPD\DULVHLIRQHLVIRXQGWREHIUHH
RIVXFKGLVHDVHULVNV $Q\UHJXODWLRQRI'7&JHQHWLF WHVWLQJ
KDV WR EH REMHFWLYH WR HPEUDFH WKH WUXH VFLHQWLILFPHULWV WKDW
WKLV QHZ IURQWLHU RI VFLHQWLILF WHFKQRORJ\PD\ EULQJ%XW WKH
FDXWLRQDU\ WDOHV RI HYDOXDWLQJ ULVN YHUVXV EHQHILW ZLOO DSSO\
ZLWK UHVSHFW WR WKH XWLOLW\ RI VXFK JHQHWLF WHVWV ,W FDQQRW EH
YLHZHG DV DQ LQQRFXRXV FRPPHUFLDO VHUYLFH RSHQ WR WKH OD\
SXEOLFZLWKRXWRYHUVLJKWIRUWKHZURQJLQIRUPDWLRQPD\KDYH
GHYDVWDWLQJ FRQVHTXHQFHV HVSHFLDOO\ LI DQ LQGLYLGXDO
V OLIH
GHFLVLRQV DUH LQIOXHQFHG E\ XQVXEVWDQWLDWHG VFLHQWLILF
HYLGHQFH  2XU GLVFXVVLRQ RI DQ\ IXWXUH SURSRVHG UHJXODWRU\
IUDPHZRUNV IRU'7&JHQHWLF WHVWLQJKDV WR FRQVLGHU WKHSDFH
RI VFLHQWLILF GLVFRYHU\ LQ GHWHUPLQLQJ WKH WUXH UHODWLRQVKLS
EHWZHHQ JHQRW\SH DQG SKHQRW\SH DQG KRZ ZLOO KHDOWK
DXWKRULWLHV PDQDJH WKH LQWURGXFWLRQ RI VXFK WRROV LQ FOLQLFDO





FOLQLFDO VHUYLFH UHQGHUHG RQO\ E\ WUDLQHG KHDOWKFDUH
SURIHVVLRQDOV 8QWLO VXFK WLPH ZKHQ JHQRPLF VFLHQFHV KDV
HVWDEOLVKHG LWV XQHTXLYRFDO YDOLGLW\ LQ GHWHUPLQLQJ KHDOWK
RXWFRPHV WKH GHEDWH RI QDWXUH YHUVXV QXUWXUH ZLOO FRQWLQXH



















V DGGLFWLYH SURSHUWLHV DUH ODUJHO\ GXH WR WKH
SV\FKRDFWLYH HIIHFWV RI QLFRWLQH 'XH WR WKH UHODWLYHO\ VKRUW
KDOIOLIH RI QLFRWLQH a KUV GHSHQGHQW VPRNHUV VPRNH
UHJXODUO\ WR PDLQWDLQ GHVLUHG QLFRWLQH SODVPD OHYHOV
7KHUHIRUH IDFWRUV WKDW DOWHU WKH LQWDNH RU UHPRYDO HJ
PHWDEROLVP RI QLFRWLQH FDQ DIIHFW VPRNLQJ EHKDYLRUV HJ
QXPEHU RI FLJDUHWWHV VPRNHG DQG FHVVDWLRQ ,Q KXPDQV WKH
PDMRULW\  RI QLFRWLQH LVPHWDEROLFDOO\ LQDFWLYDWHG WR
FRWLQLQHYLDDSDWKZD\WKDWLVSULQFLSDOO\aFDWDO\]HGE\
WKH KHSDWLF HQ]\PH &\WRFKURPH 3 $ &<3$
6XEVWDQWLDO LQWHUHWKQLF DQG LQWHULQGLYLGXDO YDULDELOLW\ LV
REVHUYHG LQ &<3$ DFWLYLW\ DQG QLFRWLQH PHWDEROLVP
2EMHFWLYH,QYHVWLJDWHWKHUROHRIJHQHWLFDQGHSLJHQHWLFIDFWRUV
LQ UHJXODWLQJ &<3$ H[SUHVVLRQ DQG QLFRWLQH PHWDEROLVP
+XPDQ OLYHU VDPSOHV Q  ZHUH DVVHVVHG IRU QLFRWLQH
PHWDEROLVP DQG &<3$ H[SUHVVLRQ P51$ DQG SURWHLQ
'1$ IURP OLYHU VDPSOHV Q ZDV LVRODWHG DQG JHQRW\SHG
IRU PDMRU &<3$ DOOHOHV ,Q DGGLWLRQ D VXEVHW RI OLYHUV
Q  KXPDQ FU\RSUHVHUYHG KHSDWRF\WHV Q  DQG+HS*
FHOOV ZHUH XVHG IRU '1$ PHWK\ODWLRQ DQDO\VHV '1$
PHWK\ODWLRQ VWDWXVZDV HYDOXDWHG E\'1$ VRGLXP ELVXOSKLWH
WUHDWPHQWIROORZHGE\3&5DQGVHTXHQFLQJ&<3$SURWHLQ
DQGP51$OHYHOVFRUUHODWHGVLJQLILFDQWO\UV S
,Q DGGLWLRQ &<3$ SURWHLQ OHYHOV DQG WKH PHWDEROLVP RI
QLFRWLQH WR FRWLQLQH FRUUHODWHG VLJQLILFDQWO\ UV 
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S&RPSDUHGWRZLOGW\SH OLYHUVQ  OLYHUVDPSOHV
ZLWK YDULDQW &<3$ DOOHOHV Q  KDG VLJQLILFDQWO\ ORZHU
&<3$ SURWHLQ H[SUHVVLRQ  YV 
S  QLFRWLQH PHWDEROL]LQJ DFWLYLW\  YV 
QPRO PJ SURWHLQ K S  DQG DIILQLW\ IRU QLFRWLQH
YV0S 7KH&<3$P51$OHYHOV
ZHUHVLPLODUEHWZHHQWKHWZRJURXSVYDULDQWQ 
YVZLOGW\SH Q    S '1$PHWK\ODWLRQ
VWDWXVZDVQRWDVVRFLDWHGZLWKDOWHUHG&<3$H[SUHVVLRQDQG
QLFRWLQH PHWDEROLVP DPRQJ WKH KXPDQ OLYHUV +RZHYHU
+HS* FHOOV ZKLFK H[SUHVV YHU\ ORZ OHYHOV RI &<3$
FRPSDUHG WRKXPDQ OLYHUVKDGDQRSSRVLWH'1$PHWK\ODWLRQ
SURILOHFRPSDUHGWRKXPDQOLYHUV:HKDYHLGHQWLILHGJHQHWLF
YDULDWLRQDVDQ LPSRUWDQW IDFWRU LQ UHJXODWLQJKHSDWLFQLFRWLQH
PHWDEROLVP DQG &<3$ H[SUHVVLRQ 0RUHRYHU RXU GDWD
VXJJHVWWKDWWKHORZHUQLFRWLQHPHWDEROL]LQJDFWLYLW\DVVRFLDWHG
ZLWK WKH &<3$ DOOHOHV LV OLNHO\ PHGLDWHG E\ &<3$
V
ORZHU SURWHLQ H[SUHVVLRQ DQG DIILQLW\ WRZDUG QLFRWLQH
8QGHUVWDQGLQJ VRXUFHV DQG PHFKDQLVPV RI YDULDELOLW\ LQ
&<3$ DQG QLFRWLQH PHWDEROLVP LV LPSRUWDQW WR LPSURYH
IXWXUHDVVRFLDWLRQVWXGLHVEHWZHHQ&<3$JHQRW\SHQLFRWLQH
PHWDEROLVPDQGVPRNLQJEHKDYLRUV6XSSRUWHGE\&HQWUHIRU
$GGLFWLRQ DQG0HQWDO +HDOWK &DQDGLDQ ,QVWLWXWHV IRU +HDOWK
5HVHDUFK &,+5 023 &,+56WUDWHJLF 7UDLQLQJ
3URJUDP LQ7REDFFR8VH LQ6SHFLDO3RSXODWLRQV 7863DQG













3UREOHPV RI FKURPRVRPH PLVVHJUHJDWLRQ FDQ UHVXOW LQ
DQHXSORLGFHOOVZLWKJDLQHGRU ORVWFKURPRVRPHV ,QKXPDQV
DQHXSORLG\ LV RIWHQ DVVRFLDWHGZLWK FDQFHU GXH WR WKH ORVV RI
WXPRXUVXSSUHVVRU JHQHV RU JDLQ RI RQFRJHQHV $V WKH
FHQWURPHUH LV D NH\ VWUXFWXUH WKDW XQGHUSLQV FKURPRVRPH
VWDELOLW\ DQG IDLWKIXO VHJUHJDWLRQ D VRXQG NQRZOHGJH RQ WKH
RUJDQLVDWLRQDODQGIXQFWLRQDOSURSHUWLHVRIWKLVVWUXFWXUHZRXOG
OHDG WR D EHWWHU XQGHUVWDQGLQJ DQG PDQDJHPHQW RI WKH
DVVRFLDWHG FRQGLWLRQV ,Q WKLV VWXG\ ZH SUHVFUHHQHG SDWLHQW
VHUD IRU WKH SUHVHQFH RI DGGLWLRQDO QRQ &(13$ % DQG &
EDQGVXVLQJLPPXQREORWWLQJZKLFKZHUHVXEVHTXHQWO\XVHGWR
SUREH D +H/D F'1$ SKDJH H[SUHVVLRQ OLEUDU\ 7ZR QRYHO
FHQWURPHUHDXWRDQWLJHQVKDYHEHHQLGHQWLILHGRQHLQFOXGHGWKH
UHFHQWO\FKDUDFWHUL]HG6&$1]LQFILQJHUSURWHLQ=1)DQG
WKH RWKHU )$0$ D ODUJH SURWHLQ DSSUR[LPDWHO\  N'
FRQWDLQLQJ GRPDLQV ZLWK KDOOPDUNV RI FKURPDWLQ UHJXODWLRQ
8VLQJ 51$L NQRFNGRZQ LQ KXPDQ FHOOV ZH VKRZ WKDW WKLV
SURWHLQ SOD\V DQ LPSRUWDQW UROH LQ WKH FRUUHFW VHJUHJDWLRQ RI
FKURPRVRPHV GXULQJ PLWRVLV 0LWRWLF GHIHFWV LQFOXGH SRRU
FKURPRVRPH DOLJQPHQW GXULQJPHWDSKDVH ODJJLQJ DQDSKDVHV
DQG FKURPDWLQ EULGJHV 7KHVH UHVXOWV VXJJHVW WKDW )$0$















%HFNZLWK :LHGHPDQQ V\QGURPH %:6 LV DQ RYHUJURZWK
V\QGURPH WKDW LV DVVRFLDWHG ZLWK HSLJHQHWLF DQG RU JHQHWLF
DOWHUDWLRQV RI FKURPRVRPH S 7KH PRVW FRPPRQ
HSLPXWDWLRQ SUHVHQW LQ  RI %:6 FDVHV LV D ORVV RI
PHWK\ODWLRQ/20DWLPSULQWLQJFHQWHU,&DOVRNQRZQDV
.Y'05 )XUWKHU UHFHQW UHSRUWV VKRZ WKDW LPSULQW
GHUHJXODWLRQ LQDSSUR[LPDWHO\RI%:6FDVHVZLWK/20
DW ,& ZHUH DOVR GHVFULEHG WR KDYH PXOWLORFXV ORVV RI
PHWK\ODWLRQ 0/20 DW WDUJHWHG PDWHUQDO GLIIHUHQWLDOO\
PHWK\ODWHG UHJLRQV '05V DVVRFLDWHG ZLWK LPSULQWHG JHQHV
VXFK DV 3/$*/ DQG *1$6 RQ FKURPRVRPHV  DQG 
UHVSHFWLYHO\ 7KH LQFLGHQFH RI %:6 SDWLHQWV ERUQ IROORZLQJ
LQIHUWLOLW\DVVLVWHG UHSURGXFWLYH WHFKQRORJLHV $57 LV
LQFUHDVHG ;7KHYDVWPDMRULW\RI WKHVHFDVHVGHPRQVWUDWH
,&/207KXV WKHJHQRPLF LPSULQWDW ,& LVYXOQHUDEOH WR
HQYLURQPHQWDO LQVXOWV:H XQGHUWRRN D VWXG\ WR FRPSDUH WKH
UDWHVRI0/20 LQ%:6FDVHVZLWK DQGZLWKRXW D KLVWRU\RI
H[SRVXUHWR$57:HK\SRWKHVL]HGWKDWSRVW$57%:6FDVHV
ZLWK /20 DW ,& ZRXOG KDYH PRUH JHQRPHZLGH LPSULQW
LQVWDELOLW\ WKDQ FDVHV ZLWK WKH VDPH %:6DVVRFLDWHG
HSLJHQHWLF DOWHUDWLRQ ZLWKRXW D KLVWRU\ RI $57 7R
VLJQLILFDQWO\LQFUHDVHWKHQXPEHURILPSULQWHGWDUJHWVDYDLODEOH
WR DVVHVV0/20ZH XQGHUWRRN D JHQRPHZLGH DSSURDFK WR
DQDO\]H'1$PHWK\ODWLRQLQ%:6SDWLHQWVZLWK/20DW,&
:H XVHG ELVXOILWH PRGLILHG JHQRPLF '1$ IURP  %:6
SDWLHQWVDQGFRQWUROVK\EULGL]HGWRWKH,OOXPLQDPHWK\ODWLRQ
 DUUD\ 7KLV DUUD\ FRYHUV a &S* VLWHV SURPRWHU RI
aJHQHV:HSHUIRUPHGDGHWDLOHGDQDO\VLVRI DOO&S*
VLWHV WKDW RYHUODS  NQRZQ LPSULQWHG '05V &DVHV ZLWK
0/20VKRZHG&S*PHWK\ODWLRQDOWHUDWLRQVDWPRVWLPSULQWHG
'05V ZLWK WKH KLJKHVW IUHTXHQFLHV DW ',5$6 
*1$6 DQG 3/$*/$Q LQFUHDVHG IUHTXHQF\ RI
0/20ZDVVHHQLQ%:6FDVHVSRVW$57ZLWKRIWKHVH
FDVHVKDYLQJ0/20ZKLOHRQO\RI%:6LQWKHQR$57
JURXS KDG 0/20 7KHUH ZHUH DOVR GLIIHUHQFHV LQ WKH
VSHFWUXP RI GHUHJXODWHG LPSULQWHG '05V VHHQ LQ WKHVH 
JURXSV 2XU DSSURDFK SURYLGHV WKH PRVW FRPSUHKHQVLYH
DQDO\VLV WR GDWH IRU FKDUDFWHUL]LQJ JHQRPHZLGH GHUHJXODWLRQ
RI LPSULQWHG ORFL LQ %:6 )XUWKHUPRUH ZH UHSRUW KHUH DQ
DVVRFLDWLRQEHWZHHQVXEIHUWLOLW\$57DQGLQFUHDVHGIUHTXHQF\
RI0/20 LQ %:6 7KH XQGHUO\LQJPHFKDQLVPV DVVRFLDWLQJ
$57 ZLWK DEHUUDQW LPSULQWLQJ DUH XQFOHDU +RZHYHU LW LV
WKRXJKW WKDW WKH SURFHGXUHV LQYROYHG LQ $57 PD\ LPSDFW
LPSULQWLQJE\DOWHULQJ WKHPDLQWHQDQFHRIJHUPFHOO LPSULQWV
7KHUHIRUH DUH VFUHHQLQJ IRU PXWDWLRQV LQ =)3 '1$
PHWK\ODWLRQ PDLQWHQDQFH JHQH LQ %:6 SDWLHQWV ZLWK
LGHQWLILHG 0/20 :H DUH DOVR LQYHVWLJDWLQJ WKH LPSDFW RI
0/20 RQ WKH FOLQLFDO PDQLIHVWDWLRQV RI %:6 DQG RWKHU
KXPDQGLVRUGHUVFDXVHGE\LPSULQWHGJHQHGHUHJXODWLRQ
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UHTXLUHG IRU SURWHLQ WUDQVODWLRQ DQG 51$ VWDELOLW\
7UDQVFULSWLRQ LQLWLDWLRQ SHU VH PLJKW JHQHUDWH WKH FDSSHG
SURPRWHUDVVRFLDWHGVKRUW51$V3$65+RZHYHUWKLVGRHV
QRWVHHPWREHW\SLFDOEHFDXVHFDSSHGQF51$VDUHSURGXFHG
QRW RQO\ E\ SULPDU\ WUDQVFULSWLRQ EXW DOVR E\ FDSSLQJ HYHQWV
WKDW DUH LQGHSHQGHQW IURP SULPDU\ WUDQVFULSWLRQ 7KLV LV WKH
FDVHRIDWOHDVWDODUJHSDUWRI3$65VDVZHOODVRWKHUWUXQFDWHG
DQG VHFRQGDULO\ FDSSHG51$ WKDWPDSRQ H[RQV7KH UHDVRQ
IRU 3$65 FDSSLQJ LV XQNQRZQ EXW SHUKDSV 3$65V DUH
LQYROYHG LQ FHOO FRPSDUWPHQW ORFDOL]DWLRQ DQG51$ VWDELOLW\
6RPHRI WKH3$65VQHJDWLYHO\UHJXODWHJHQH WUDQVFULSWLRQE\
PHFKDQLVPV \HW WR EH GLVFRYHUHG ,PPXQXQRSUHFLSLWDWLRQ
XVLQJDQWLFDSDQWLERGLHVKDVFRQILUPHGWKHFDSSLQJRI3$65V
WHUPLQL DVVRFLDWHG VKRUW51$V7$65V DQG RWKHU51$V WKDW
KDYH
HQG VLWHV WKDWPDSRQH[RQV+RZHYHUQHLWKHU&$*(
QRU LPPXQRSUHFLSLWDWLRQ XVLQJ FXUUHQWO\ DYDLODEOH DQWLERGLHV






















QRQFRGLQJ 51$V ZLWK DQ LPSRUWDQW UROH LQ UHJXODWLQJ JHQH
H[SUHVVLRQ %DVHG RQ UHFHQW VWXGLHV PL51$V
 H[SUHVVLRQ
SURILOHV UHSUHVHQW VLJQLILFDQW WXPRUVSHFLILF FKDQJHV WKDW DUH
XQLTXH IRUPRVWFDQFHUV2YHUH[SUHVVLRQRIPLUKDVEHHQ
UHSRUWHG LQ D YDULHW\ RI VROLG WXPRUV ZKHUH LW IXQFWLRQV WR
PDNH FHOOV UHVLOLHQW WR DSRSWRVLV VWLPXODWHV LQYDVLRQ
PHWDVWDVLVDQGFKHPRUHVLVWDQFH7KHDLPRIWKLVVWXG\ZDVWR
HYDOXDWH WKH H[SUHVVLRQ RI PL5 LQ D ZLGH YDULHW\ RI
ELRORJLFDOVDPSOHVVHUXPXULQHIUHVKDQGIUR]HQELRSVLHVRI
SDWLHQWV ZLWK EODGGHU FDQFHU LQ FRPSDULVRQ WR WKHLU QRUPDO
FRXQWHUSDUW VDPSOHV  PO RI XULQH VDPSOHV IURP SDWLHQWV DV
ZHOO DV DJHPDWFKHG EODGGHU FDQFHU IUHH YROXQWHHUV FRQWURO
JURXSZHUHDOLTXRWHGLQ(SSHQGRUIWXEHVDQGVWRUHGLQ&
)UHVK VXUJLFDO WXPRUQRQWXPRU VDPSOHV RI EODGGHU VDPSOHV
ZHUH REWDLQHG 51$ H[WUDFWLRQ ZDV FDUULHG RXW XVLQJ 7UL]RO
VROXWLRQ51$FRQFHQWUDWLRQDQGRSWLFDODEVRUSWLRQLQDQG




DV VDPSOHV RI EODGGHU ([SUHVVLRQ OHYHO RI PLU ZDV
VLJQLILFDQWO\ KLJKHU LQ WXPRU VDPSOHV LQ FRPSDULVRQ WR WKHLU
QRUPDOFRXQWHUSDUWV,QFDVHRIXULQHRISDWLHQWVZLWKEODGGHU
FDQFHU WKHUH ZDV VLJQLILFDQW GLIIHUHQFH LQ PL51$ OHYHOV
EHWZHHQSDWLHQWVVDPSOHVDQGQRUPDOVDPSOHVXULQHV
0LU ZDV XSUHJXODWHG LQ VDPSOH JURXS LQ FRPSDULVRQ WR
FRQWUROJURXSE\ WKHPHDQIDFWRURI3YDOXHZDV
0L5 VHHPV WR EH D VXLWDEOH DQG UHOLDEOH
GLDJQRVWLFSURJQRVWLF WXPRU PDUNHU LQ EODGGHU FDQFHU ,W LV
DOVR HDVLO\ GHWHFWDEOH LQ D YDULHW\ RI ELRORJLFDO PDWHULDOV














SURJUHVVLYH FRQGLWLRQV WKDW DIIHFW WKH QHUYRXV V\VWHP LQ
KXPDQVDQGDQLPDOVDOVRNQRZQDVWUDQVPLVVLEOHVSRQJLIRUP
HQFHSKDORSDWKLHV 76( 3ULRQ SURWHLQ 3U3 LV WKH FDXVH RI
76( 3U3& UHIHUV WR WKH HQGRJHQRXV IRUP RI SULRQ SURWHLQ
3U3 ZKLFK LV IRXQG LQ DPXOWLWXGH RI WLVVXHV ZKLOH 3U36F
UHIHUVWRWKHPLVIROGHGIRUPRI3U3WKDWLVUHVSRQVLEOHIRUWKH
IRUPDWLRQ RI DP\ORLG SODTXHV DQG QHXURGHJHQHUDWLRQ 7KLV
DOWHUHG VWUXFWXUH LV H[WUHPHO\ VWDEOH DQG DFFXPXODWHV LQ
LQIHFWHG WLVVXH FDXVLQJ WLVVXH GDPDJH DQG FHOO GHDWK 7KH
H[DFW PROHFXODU PHFKDQLVP XQGHUO\LQJ SULRQ LQGXFHG
QHXURGHJHQHUDWLRQDQGQHXURQDOGHDWKLVVWLOOODUJHO\XQNQRZQ
7KHPRVWFRPPRQKXPDQSULRQGLVHDVHLVWKHVSRUDGLFIRUPRI
&UHXW]IHOGW-DNRE GLVHDVH &-' ZKLFK DFFRXQWV IRU DERXW
RIDOOFDVHV0LFUR51$VPL51$VDUHVPDOOQRQFRGLQJ
51$V DFWLQJ DV SRVWWUDQVFULSWLRQDO UHJXODWRUV RI JHQH
H[SUHVVLRQ0L51$VDUHHIIHFWRUVRIEUDLQIXQFWLRQZLWKUROHV
LQ LVFKHPLD DQG LQMXU\ QHXURSURWHFWLRQ DQG
QHXURGHJHQHUDWLRQ 7KH\ DUH LQFOXGHG LQ SK\VLRORJLFDO DQG
SDWKRORJLFDOSURFHVVHVDVZHOODVLQGHYHORSPHQW&RPSHOOLQJ
HYLGHQFH OLQNV PL51$V DOVR WR WKH FRQWURO RI QHXURQDO
GHYHORSPHQWDQGGLIIHUHQWLDWLRQKRZHYHUYHU\OLWWOHLVNQRZQ
DERXWWKHLUUROHLQKXPDQSULRQGLVHDVH:HXVHGFRRUGLQDWHG
DSSURDFK WR LQWHJUDWH PL51$ DQG P51$ SURILOLQJ DQG
ELRLQIRUPDWLF SUHGLFWLRQV WR SURILOH PL51$ H[SUHVVLRQ
FKDQJHVLQWKHKXPDQEUDLQVRIVSRUDGLF&-'7RWDO51$ZDV
LVRODWHG IURP EUDLQ WLVVXH RI  SDWLHQWV ZLWK GLDJQRVHG &-'
DQGEUDLQWLVVXHRIKHDOWK\LQGLYLGXDOV([SUHVVLRQDQDO\VLV
ZDV SHUIRUPHG XVLQJ K\EULGL]DWLRQ WR 3DUDflo PLFrofluidicV
PLFRUDUUD\V LQ WKH YHUVLRQ RI WKH 6DQJHU PL5%DVH GDWDEDVH
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5HOHDVH  HDFK RI WKHPLFURDUUD\V KHOG DOO  SUHGLFWHG
PDWXUH KXPDQ PL51$ SUREHV 2XU DQDO\VLV UHYHDOHG RYHU
KXQGUHG RI GLIIHUHQWLDOO\ H[SUHVVHG XS RU GRZQUHJXODWHG
PL51$V  RI WKHP VKRZHG VLPLODU G\VUHJXODWLRQ LQ
H[SHULPHQWDODQLPDOV LQEUDLQVRIPLFH LQIHFWHGZLWKPRXVH
DGDSWHGVFDUSLHDQGLQWKHEUDLQVRI%6(LQIHFWHGF\QRPROJXV
PDFDTXHV DV D PRGHO IRU &-' )XUWKHU ZH VHOHFWHG 
PL51$V IRU PLFURDUUD\ YDOLGDWLRQ XVLQJ UHDOWLPH 3&5
0L51$ PL5S ZKLFK VKRZHG XSUHJXODWLRQ LQ RXU
PLFURDUUD\H[SHULPHQWKDVEHHQDOVRXSUHJXODWHGLQEUDLQVRI
%6(LQIHFWHG PDFDTXHV 1HXURQDOVSHFLILF PL51$ PL5
DZDVDOVRXSUHJXODWHGLQRXUH[SHULPHQWWKLVPL51$LV
EHOLHYHG WR KDYH FRQVWDQW H[SUHVVLRQ LQ DGXOW QHXURQV
7KHUHIRUH QHXURQDO GHDWK VKRXOG KDYH VRPH LPSDFW RQPL5
D H[SUHVVLRQ$QRWKHUXSUHJXODWHGPL51$VPL5 DQG
PL5 DUH LQYROYHG LQ DSRSWRVLV DV EHLQJ SURDSRSWRWLF
PL51$VZLWKPL5EHOLHYHG WREH LQYROYHG LQDSRWRVLVRI
GHYHORSLQJQHXURQV1HXURQDODXWRSKDJ\DQGDSRSWRVLVDUHWKH
PHFKDQLVPVRI SURJUDPPHG FHOO GHDWK 6LQFH WKHUH DUH VRPH
LQIRUPDWLRQV WKDW DXWRSKDJ\ DQG DSRSWRVLV DUH SURFHVVHV
QDWXUDOO\ RFFXUULQJ LQ H[SHULPHQWDOO\ LQGXFHG VFUDSLH DQG
&-'ZHEHOLHYHGWKDWPL51$VUHJXODWLQJDSRSWRVLVPD\DOVR
SOD\ D UROH LQ WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV
&RPSXWDWLRQDO DQDO\VLV SUHGLFWHG QXPHURXV SRWHQWLDO JHQH
WDUJHWV RI WKHVH PL51$V LQFOXGLQJ VRPH JHQHV SUHYLRXVO\
GHWHUPLQHG WR EH DOVR GHUHJXODWHG LQ PRXVH VFUDSLH ,Q
FRQFOXVLRQ ZH KDYH GHWHFWHG VHYHUDO QRYHO PL51$V DQG














(SLJHQHWLF DOWHUDWLRQV RFFXU GXULQJ WKH DGHQRPDFDUFLQRPD
VHTXHQFHRIFRORQFDQFHUIRUPDWLRQDQGSOD\LPSRUWDQWUROHLQ
LQLWLDWLRQ DQG SURJUHVVLRQ RI FRORQ FDQFHU IRUPDWLRQ *OREDO
PHWK\ODWLRQPD\SOD\UROHLQWKHLQVWDELOLW\RFFXUULQJLQFDQFHU
FHOOVDQGDEHUUDQWPHWK\ODWLRQRIJHQHVSURPRWHUVLVHSLJHQHWLF
PHFKDQLVP IRU VLOHQFLQJ JHQHV DQG PD\ DIIHFW WXPRU
VXSSUHVVRUJHQHVLQFRORQFDQFHU7KHDLPRIWKLVVWXG\ZDVWR
GHWHUPLQH &S* LVODQG PHWK\ODWLRQ DQG JHQH VSHFLILF
PHWK\ODWLRQ LQ D JURXS RI VDPSOHV IURP 6XGDQHVH FRORUHFWDO
FDQFHU SDWLHQW *OREDO PHWK\ODWLRQ OHYHO DQG JHQHVSHFLILF
PHWK\ODWLRQ ZDV PHDVXUHG LQ ERWK WXPRU DQG FRQWURO WLVVXH
IURP 6XGDQHVH FRORUHFWDO SDWLHQWV *OREDO PHWK\ODWLRQ ZDV
PHDVXUHG LQ JHQRPLF '1$ XVLQJ /80$ /8PLQRPHWULF
0HWK\ODWLRQ $VVD\ PHWKRG DQG *HQH VSHFLILF SURPRWHU
PHWK\ODWLRQ *630 ZDV PHDVXUHG LQ  VHOHFWHG WXPRUV
VXSSUHVVRUJHQHV$3&0/+DQG0&&UHODWHGWRLQLWLDWLRQ
RIFRORUHFWDOFDQFHU*HQHVSHFLILFSURPRWHUPHWK\ODWLRQZDV
PHDVXUHG LQ %LVXOSKLWH WUHDWHG '1$ XVLQJ 5HDO WLPH 3&5
DQG ELVXOSKLWH S\URVHTXHQFLQJ2XU UHVXOW LQGLFDWH WKDW WXPRU
WHQG WREHK\SRPHWK\ODWHG FRPSDUHG WR FRQWURO WLVVXH:KHQ



















DPRQJ WKH YDULRXV RUJDQLVPV PDNHV WKHP D JRRG VRXUFH RI
QHZPL51$V GLVFRYHU\ E\ FRPSDUDWLYH JHQRPLFV DSSURDFK
7KHVWXG\ UHVXOWHG LQQRYHOSUHFXUVRUPL51$VFRQWDLQLQJ
PDWXUHVHTXHQFHVEHORQJLQJWRIDPLOLHVLQDQLPSRUWDQW
DTXDWLF HQYLURQPHQWDOPRQLWRULQJ ILVK 6DOPR VDODU $OO WKH
PL51$IDPLOLHVOHWPL5
           

DQGDUHIRXQGIRUWKHILUVWWLPHLQ6VDODU$OO
PL51$ SUHFXUVRUV IRUP VWDEOH PLQLPXP IUHH HQHUJ\ VWHP
ORRSDQGWKHPDWXUHPL51$VUHVLGHLQWKHVWHPSRUWLRQRIWKH
VWHP ORRS VWUXFWXUH 7KHLU WDUJHW SURWHLQV DUH LQYROYHG LQ
GHYHORSPHQW DQG GLIIHUHQWLDWLRQ  FHOO VLJQDOLQJ 


















WKH OHDGLQJ PDOLJQDQF\ FRPSULVLQJ DERXW  RI DOO
PDOLJQDQFLHV DQG OHDGLQJ FDXVH RI FDQFHU UHODWHG GHDWK LQ
6DXGLZRPHQ+XPDQEUHDVWWXPRULVDKHWHURJHQHRXVGLVHDVH
ZLWK LQYROYHPHQW RI GLIIHUHQW FHOO W\SHV DQG PROHFXODU
DOWHUDWLRQV9DULDWLRQ LQ WUDQVFULSWLRQDOSURJUDPVDFFRXQWV IRU
PXFK RI WKH ELRORJLFDO GLYHUVLW\ RI KXPDQ FHOOV DQG WXPRUV
7KH FXUUHQW FOLQLFRSDWKRORJLFDO VWUDWHJ\ WR FODVVLI\ EUHDVW
FDQFHULVVXERSWLPDODVSDWLHQWVZLWKVLPLODUJUDGHDQGVWDJHRI
WKH GLVHDVH H[KLELW JURVVO\ GLIIHUHQW UHVSRQVH WR WKHUDS\
+HQFH WKHUH LV DQ XUJHQW QHHG WR DFFXUDWHO\ FODVVLI\ WKHVH
WXPRUV IRU EHWWHU SDWLHQW PDQDJHPHQW 5HFHQW DGYDQFHV LQ
F'1$PLFURDUUD\WHFKQRORJ\KDYHPDGHLWSRVVLEOHWRFODVVLI\
EUHDVWFDQFHUVLQZHVWHUQZRPHQEDVHGRQWKHJHQHH[SUHVVLRQ
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SDWWHUQV +RZHYHU WKLV PROHFXODU FODVVLILFDWLRQ PD\ QRW EH
DSSOLFDEOHIRU6DXGL$UDELDQSDWLHQWVGXHWRHWKQLFGLIIHUHQFHV
FOHDUO\GHPRQVWUDWHGE\GLIIHUHQWPHGLDQDJHRIRQVHWRIEUHDVW
FDQFHUV EHWZHHQ WKH WZR HWKQLF JURXSV  \HDUV IRU 6DXGL
SDWLHQWV 9V  \HDUV IRU 86 SDWLHQWV :H KDYH LQLWLDWHG D
VWXG\WRFODVVLI\EUHDVWFDQFHUVDULVLQJLQ6DXGLSDWLHQWFRKRUW
LQWR FDWHJRULHV EDVHG RQ VKDUHG JHQHH[SUHVVLRQ SURILOH
XWLOL]LQJ ,OOXPLQDµV P51$6HT WHFKQRORJ\ %HVLGHV UHODWLYH
DEXQGDQFH RI WUDQVFULSWVP51$6HTZLOO DLG LQ GLVFRYHULQJ
WUDQVFULSW LVRIRUPV DV ZHOO DV DQQRWDWH FRGLQJ 613V
$GGLWLRQDOO\ ZH ZLOO VWXG\ ZKROHJHQRPH SURPRWHU
PHWK\ODWLRQ ZKLFK LV D ZHOO NQRZQ PHFKDQLVP WR VLOHQFH
WXPRU VXSSUHVVRU JHQHV DQG KDV EHHQ VKRZQ WR KDYH FOHDU
LPSOLFDWLRQV LQ WKH SDWKRJHQHVLV RI EUHDVW FDQFHUV 2XU JRDO
ZLOO EH WR REWDLQ D ʊ0HWK\ODWLRQ 6LJQDWXUH” IRU WKH EUHDVW
FDQFHUV LQ 6DXGL 3RSXODWLRQ DQG VHFRQGO\ WR FRUUHODWH
SURPRWHU PHWK\ODWLRQ ZLWK WKH JHQH H[SUHVVLRQ SDWWHUQ
*HQRPHZLGHVFUHHQLQJRI'1$PHWK\ODWLRQSDWWHUQVZLOOEH
FRQGXFWHG XVLQJ ,OOXPLQDµV ,QILQLXP %HDG$UUD\ SODWIRUP
)LQDOO\UHVXOWVREWDLQHGIURPJHQHH[SUHVVLRQDQGPHWK\ODWLRQ
VWXGLHVZLWKWKHQRUPDODQGEUHDVWWXPRUWLVVXHVZLOODVVLVWXV
WR IXUWKHU GLVVHFW WKH SDWKZD\V DQG JDLQ LQVLJKWV LQWR WKH
PHFKDQLVPV LQYROYHG LQ GULYLQJ WKH SURJUHVVLRQ RI EUHDVW
FDQFHUV 7KHVH DQDO\VHV ZLOO SDYH WKH ZD\ IRU IXUWKHU
LQYHVWLJDWLRQV LQ EUHDVW FDQFHUQRUPDO FHOO FXOWXUH PRGHOV WR
DFWLYDWHLQKLELW WKH SDWKZD\V LQYROYHG LQ WKH WXPRUV E\ JHQH
PDQLSXODWLRQDQGWKHSKHQRW\SHVWXGLHG2YHUDOORXUUHVHDUFK
ZLOOKHOS LQ WKHGHWDLOHGDQDO\VLVRIEUHDVWFDQFHUSURYLGLQJD


















$EGRPLQDO DRUWLF DQHXU\VP $$$ LV DQ DEQRUPDO GLODWDWLRQ
LQ D ZHDNHQHG UHJLRQ RI WKH PDLQ DEGRPLQDO EORRG YHVVHO
&XUUHQWO\LWLVHVWLPDWHGWKDWaRIPHQRYHU\HDUVRIDJH
KDYH DQ $$$ DQG WKH GLVHDVH LV EHFRPLQJ LQFUHDVLQJO\
FRPPRQLQZRPHQ([SDQVLRQRI$$$LVXVXDOO\SURJUHVVLYH
DQGWKHULVNRIDRUWLFUXSWXUHDQGIDWDOEOHHGLQJLQFUHDVHVZLWK
DQ LQFUHDVH LQ$$$GLDPHWHU 3DWLHQWVZLWK$$$SUHVHQW DQ
LQFUHDVHG ULVN RI PDMRU FDUGLRYDVFXODU HYHQWV VXFK DV VWURNH
DQGP\RFDUGLDOLQIDUFWLRQDQG$$$LVDPRQJVWWKHOHDGLQJ
FDXVHVRIGHDWKIRUSHRSOHDJHGPRUHWKDQ\HDU'HVSLWHWKH
LPSRUWDQFHRI$$$ WKHUH LV VWLOO D QHHGRI LPSURYHGSDWLHQW
PDQDJHPHQW VWUDWHJLHV $W SUHVHQW WKH RQO\ WUHDWPHQWV IRU
$$$ DUH VXUJLFDO ZKLFK DUH QRW EHQHILFLDO IRU VPDOOHU
DQHXU\VPV6XUJLFDOLQWHUYHQWLRQLVFXUUHQWO\WKHJROGVWDQGDUG
PHWKRG IRU$$$FRUUHFWLRQEXW LVDVVRFLDWHGZLWK VLJQLILFDQW
SHULRSHUDWLYH PRUWDOLW\ DQG PRUELGLW\ 7KLV ZDUUDQWV WKH
LGHQWLILFDWLRQRIQHZHIIHFWLYHGUXJWKHUDSLHVWRPDQDJH$$$
DWDQHDUO\VWDJH(SLJHQHWLFPHFKDQLVPVSOD\DFUXFLDOUROHLQ
UHJXODWLRQ RI JHQH H[SUHVVLRQ E\ DIIHFWLQJ FKURPDWLQ
DFFHVVLELOLW\ 'XH WR WKH UHYHUVLELOLW\ RI HSLJHQHWLF HYHQWV
GUXJV WKDW LQKLELW '1$PHWK\OWUDQIHUDVH '107 RU KLVWRQH
GHDFHW\ODVHV +'$& FDQ V\QHUJLVWLFDOO\ UHDFWLYDWH
HSLJHQHWLFDOO\ VLOHQFHG JHQHV $ QXPEHU RI HSLJHQHWLF GUXJV
DUH FXUUHQWO\ EHLQJ HYDOXDWHG DQG PDQ\ RI WKHP KDYH EHHQ
DSSURYHG IRUFOLQLFDO WKHUDSLHV IRUYDULRXVGLVHDVHV7LOOGDWH
WKHUHLVQRVWXG\DVVHVVLQJWKHHSLJHQHWLFVWDWHRIYDULRXVJHQHV
LQYROYHG LQ $$$ GHYHORSPHQW 6HYHUDO OLQHV RI HYLGHQFHV
VXJJHVW DQ LPSRUWDQW UROH RI DOWHUHG HSLJHQHWLF VWDWXV LQ
LQIODPPDWLRQ SUROLIHUDWLRQ DQG UHPRGHOLQJ SURFHVVHV ZKLFK
DUH DOVR DVVRFLDWHGZLWK WKH GHYHORSPHQW RI $$$ LQGLFDWLQJ
WKDW HSLJHQHWLF FKDQJHV DUH FUXFLDO LQ WKH GHYHORSPHQW DQG
SURJUHVVLRQ RI $$$ :H K\SRWKHVLV WKDW PDQ\ FUXFLDO
UHJXODWRU\JHQHVPD\EHVLOHQFHG LQ960&VZKLFKPD\ OHDG
WR $$$ GHYHORSPHQW DQG HSLJHQHWLF GUXJV ZLOO LQGXFH
UHDFWLYDWLRQRIWKRVHVLOHQFHGJHQHVLQYDVFXODUVPRRWKPXVFOH
FHOOV 960&V OHDGLQJ WR LGHQWLILFDWLRQ RI QHZ WKHUDSHXWLF
WDUJHWV 3UHOLPLQDU\ VWXGLHV FRQGXFWHG E\ RXU JURXS VKRZV
SURPLVLQJ UHVXOWV XVLQJ HSLJHQHWLF GUXJV WR UHDFWLYDWH FHUWDLQ
JHQHVVLOHQFHG LQ$$$0LFURDUUD\VWXGLHVFRQGXFWHGE\RXU
JURXS DQG RWKHUV LGHQWLILHG D VHW RI JHQHV GRZQ UHJXODWHG LQ
$$$2XU LQYLWUR VWXGLHV LQ960&V LQGLFDWH WKDW WKH VHW RI
HSLJHQHWLFDOO\ VLOHQFHG JHQHV FDQ EH UHDFWLYDWHG E\ '1$
GHPHWK\ODWLQJ GUXJV RU +'$&L
V LQGLFDWLQJ WKDW HSLJHQHWLF
GUXJ WKHUDS\ PRGXODWHV JHQH H[SUHVVLRQ LQ 960&V ,Q WKH
SUHVHQW VWXG\ WZRQRYHO+'$&L
V V\QWKHVL]HGE\XV 0&7
	0&7 DUH DOVR HYDOXDWHG IRU WKHLU HIILFDF\:H SUHVHQW














UHJXODWRU\ UROH RI PLFUR51$V PL51$V KDV EHHQ ZHOO
VWXGLHGLQDZLGHYDULHW\RIELRORJLFDOSURFHVVHV\HWWKHUHKDYH
EHHQQRV\VWHPDWLFHIIRUWWRDQDO\]HDQGXQGHUVWDQGWKHUROHRI
JHQHWLF YDULDWLRQV LQ PL51$ ORFL DQG VWXG\ LWV SRVVLEOH
IXQFWLRQDO FRQVHTXHQFHV 5HFHQW HYLGHQFH VXJJHVWV DQ
LQFUHDVLQJ UROH RI JHQRPLF YDULDWLRQV LQ PRGXODWLQJPL51$
IXQFWLRQDQGUHJXODWLRQ7KXVLWLVLPSHUDWLYHWRFDWDORJXHWKH
JHQRPHZLGHYDULDWLRQVLQPL51$VDQGDQDO\]HWKHUHVXOWVWR
LQIHU ELRORJLFDO VLJQLILFDQFH :H KDYH FRPSUHKHQVLYHO\
FROOHFWHGDQGFXUDWHGJHQHWLFYDULDWLRQVLQPL51$ORFL LQ WKH
KXPDQ JHQRPH KJ DQG HVWDEOLVKHG D FRPSXWDWLRQDO
SLSHOLQH WR DVVHVV SRWHQWLDO IXQFWLRQDO FRQVHTXHQFHV RI WKHVH
YDULDQWV DORQJ ZLWK PHWKRGV IRU V\VWHPDWLF FXUDWLRQ DQG
UHSRUWLQJ RI YDULDWLRQV LQ WKHVH ORFL :H KDYH PDSSHG
YDOLGDWHG613V IURPGE613 EXLOGRQKXPDQSUHFXUVRU
PL51$VPL5%DVH5HOHDVHDQGPL51$VZHUHIRXQGWR
KDUERU613V$QDO\VLVRI SRVLWLRQVRI613VRQ WKH WRWDO
 PL51$V IURP GE613 PDSSLQJ DQG DOVR OLWHUDWXUH
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VXUYH\VUHYHDOHG613VPDSSHGWRWHUPLQDOORRSWR6WHP
DQG 6HFRQGDU\ /RRS H[FOXGLQJ PDWXUH UHJLRQ   WR
2YHUKDQJCRUCDQGWRPDWXUHPL51$VZLWKLQVHHG
UHJLRQ 7R VWXG\ WKH HIIHFW RI YDULDWLRQV RQ ELRJHQHVLV DQG
IXQFWLRQLQJ RI PL51$V ZH FKHFNHG DOWHUDWLRQ LQ GLFHU
FOHDYDJH VLWHV XVLQJ 3+'FOHDY DQG DOWHUDWLRQ LQ VHOHFWLRQ RI
PL51$ JXLGH VWUDQG XVLQJ 5,6&ELQGHU 3+'FOHDY SUHGLFWHG
KVDPLUEDQGKVDPLUWRKDYHDOWHUHGGLFHUFOHDYDJH
VLWHV RQ WKH LQFRUSRUDWLRQ RI 613 DQG 5,6&ELQGHU SUHGLFWHG
KVDPLU WR KDYH DOWHUHG PDWXUH PL51$ LQFRUSRUDWLRQ LQ
5,6& 7R XQGHUVWDQG WKH SHQHWUDQFH RI WKHVH 613V LQ WKH
SRSXODWLRQ ZH KDYH DQDO\]HG WKH DOOHOH IUHTXHQFLHV RI 
613V IURP WKH +DS0DS SRSXODWLRQV DQG IRXQG WKH PHGLDQ
DOOHOH IUHTXHQF\ WREH OHVV WKDQ ,QDGGLWLRQ IRU613V
WKHPLQRUDOOHOHZDVDEVHQWLQDWOHDVWRQHRIWKHSRSXODWLRQV
%RWKWKHVHIDFWVSRLQWWRZDUGVDSRVVLEOHQHJDWLYHVHOHFWLRQIRU
WKH PLQRU DOOHOH LPSOLFDWLQJ WKDW WKHUH PLJKW EH IXQFWLRQDO
FRQVHTXHQFHVIRUWKHYDULDQWDOOHOH7KHFRQVROLGDWHGGDWDKDV
EHHQ XSORDGHG RQPL5YDU KWWSJHQRPHLJLEUHVLQPLUORYG
D FRPPXQLW\ FXUDWLRQ UHVRXUFH IRU JHQRPLF YDULDWLRQ LQ
PL51$ ORFL PL5YDU SURYLGHV D XVHU IULHQGO\ LQWHUIDFH WR
VHDUFKYDULDQWVLQGLIIHUHQWPL51$VDQGKDVLQIRUPDWLRQDERXW
WKH YDULDQW SRVLWLRQ DQG WKH DOOHOH FKDQJH LQ WKH UHVSHFWLYH
PL51$GLVHDVHVDVVRFLDWLRQLQDGGLWLRQWRPDNLQJLWHDV\WR
EURZVHIRULQIRUPDWLRQWKURXJKOLQNRXWVOLNHPL5%DVH8&6&
*HQRPH %URZVHU PL5'LVHDVH  *HQRPHV 3URMHFW DQG
PL5HFRUGV 7KH VWUDWHJ\ KDV EHHQ DSSOLHG RQWR SHUVRQDO
JHQRPHV DQG VPDOO 51$ VHTXHQFLQJ GDWD IURP 6KRUW 5HDG
$UFKLYH 65$ 1&%, WR PDS DOO YDULDWLRQV LQ QRQFRGLQJ
51$V6LQFHWKHXQGHUVWDQGLQJRIPL51$VDQGWKHLUHIIHFWVLQ
ELRORJLFDOSURFHVVHVLQFOXGLQJGLVHDVHVDUHMXVWHPHUJLQJDQG
VR LV WKHXQGHUVWDQGLQJRQ WKHSRWHQWLDO IXQFWLRQDO UROHRI WKH
JHQRPLFYDULDWLRQVLQWKHVHORFLZHIRUHVHHWKLVGDWDEDVHWREH























RI WKH 7 SKHQRW\SHV DUH UHODWHG WR DOWHUDWLRQV RI JHQH
H[SUHVVLRQ(QWLUHWUDQVFULSWRPHVHTXHQFLQJQRZSURYLGHVWKH
RSSRUWXQLW\ WR LQYHVWLJDWH LQ GHWDLO WKH SHUWXUEDWLRQV RI JHQH
H[SUHVVLRQ LQ 7 FHOOV DQG WLVVXHV ,Q WKLV VWXG\ ZH XVHG




WR EH UHODWHG WR WKH VXSHUQXPHUDU\ FKURPRVRPH  7KH
WUDQVFULSWRPH SRO\$ P51$ ZDV VWXGLHG E\ 51$6HT
PRUHWKDQPLOOLRQESSDLUHGHQGUHDGVZHUHJHQHUDWHG
IURP HDFK VDPSOH DQG PDSSHG XVLQJ ERWK 0$4 /L HW DO
 DQG *(0 5LEHFD HW DO XQSXEOLVKHG PHWKRG 7KH
H[SUHVVLRQ OHYHO RI DERXW k¼ SURWHLQFRGLQJ JHQHV
ZHUHFRPSDUHGEHWZHHQWKHVDPSOHV7KHGLIIHUHQFHVRIJHQH




RQ FKURPRVRPH  DUH XSUHJXODWHG LQ WKH WULVRPLF WZLQ
$PD]LQJO\ IRU PRVW RI WKH FKURPRVRPHV ZH FRXOG DOVR
LGHQWLI\ ODUJH FKURPRVRPDO UHJLRQV WKDW DUH HLWKHU XS RU
GRZQUHJXODWHGLQWKHWULVRPLFWZLQ7KLVUDLVHGWKHK\SRWKHVLV
WKDW GLIIHUHQWLDO H[SUHVVLRQ PD\ EH RUJDQL]HG LQ GRPDLQV
WKURXJKRXW WKH JHQRPH 7KH VDPH GRPDLQV KDYH DOVR EHHQ
IRXQG ZKHQ ZH FRPSDUHG WKH JHQH H[SUHVVLRQ EHWZHHQ
LQGXFHG SOXULSRWHQW VWHP FHOOV GHULYHG IURP WKH VDPH WZLQV
ILEUREODVWV ,Q DGGLWLRQ ZH LGHQWLILHG  JHQHV WKDW
GLIIHUHQWLDOO\XWLOL]HGDOWHUQDWLYHVSOLFHGLVRIRUPVEHWZHHQWKH
WZRVDPSOHVDQGJHQHVWKDWVKRZGLIIHUHQWLDODOOHOHVSHFLILF
H[SUHVVLRQ 2XU VWXG\ VKRZV WKDW 51$6HT LQ PRQR]\JRWLF
















SRO\FRPE UHSUHVVLYH FRPSOH[  35& LV UHVSRQVLEOH IRU
KLVWRQH +. WULPHWK\ODWLRQ +.PH (=+ LV RYHU
H[SUHVVHG LQGLYHUVHPDOLJQDQFLHV LQFOXGLQJSDQFUHDWLFGXFWDO
DGHQRFDUFLQRPD 3'$& :KLOH SURWHLQ FRGLQJ JHQHV




WUDQVGXFWLRQ LQWR QRUPDO KXPDQ SDQFUHDWLF GXFWDO HSLWKHOLDO
FHOOV+3'(IRUHFWRSLF(=+H[SUHVVLRQ,QDGGLWLRQ3'$&
FHOO OLQH VZ ZDV WUHDWHG ZLWK D VPDOO PROHFXOH (=+
LQKLELWRU GHD]DQRSODVQRFLQ $ '=1HS ZKLFK FDXVHG WKH
FHOOXODUGHSOHWLRQRI35&SURWHLQV(=+(('68=DQG
+.PH ,Q WXUQ /1$PHGLDWHG T573&5 PL51$
SURILOLQJZDVSHUIRUPHGLQERWK WKH+3'(DQGVZFHOOV
7KHFKDQJHVRIPL51$H[SUHVVLRQOHYHOZHUHGHWHUPLQHGYLD
FRPSDULVRQ ZLWK DSSURSULDWH FRQWUROV ,Q VLOLFR DQDO\VLV
LQFOXGLQJ PL51$ WDUJHW SUHGLFWLRQ DQG WDUJHWV IXQFWLRQDO
DQDO\VLVZHUHSHUIRUPHGLQRUGHUWRGHWHUPLQHSRWHQWLDOWXPRU
VXSSUHVVLQJ HIIHFWV IRU WKH PL51$V UHJXODWHG GLUHFWO\ E\
(=+ $PRQJKXPDQPL51$VPHDVXUHGPL51$V
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ZHUH GRZQUHJXODWHG DQG  PL51$V ZHUH XSUHJXODWHG LQ
(=+RYHUH[SUHVVLQJ+3'(FHOOV)RU'=1HSWUHDWHGVZ
FHOOV  PL51$V ZHUH XSUHJXODWHG DQG  PL51$V ZHUH
GRZQUHJXODWHG)XQFWLRQDOVLPLODULW\DQDO\VLVZKLFKEDVHGRQ
WKHPL51$GLVHDVH DVVRFLDWLRQ VKRZHG WKDW(=+DEHUUDWLRQ
DOWHUHGPL51$VZLWK VLPLODU ELRORJLFDO IXQFWLRQ )RU(=+
RYHUH[SUHVVLQJ +3'( VHYHUDO GRZQUHJXODWHG PL51$V KDYH
EHHQ LPSOLFDWHG LQ EUHDVW FDQFHU DQG RYDULDQ FDQFHU 2Q WKH
RWKHU KDQG '=1HS WUHDWPHQW XSUHJXODWHG PL51$V WKDW KDV
UHGXFHG OHYHO LQ SDQFUHDWLF FDQFHU  7RJHWKHU  PL51$V
ZHUH FRQFXUUHQWO\ UHGXFHG LQ (=+RYHUH[SUHVVHG +3'(




GHYHORSPHQW *HQH RQWRORJ\ DQDO\VLV RQ WKH WDUJHWV RI WKH
FDQGLGDWHV VKRZHG WKDW WKHVHPL51$V UHJXODWHG GLIIHUHQW VHW
RIJHQHVLPSRUWDQWGXULQJWXPRULJHQHVLV)RULQVWDQFHVWDUJHWV
RIPL5 DQGPL5 LQYROYHG LQ FHOOFHOO RU KRPRSKLOLF
FHOODGKHVLRQWDUJHWVRIPL5PL5SPL5DSDQG
PL5K UHJXODWHG WUDQVFULSWLRQ DQG JHQH H[SUHVVLRQ DQG
WDUJHWV RI PL5D PL5K DQG PL5 SDUWLFLSDWHG LQ
GHYHORSPHQWDOSURFHVV2XUUHVXOWVGHPRQVWUDWHGDQLPSRUWDQW
UROH IRU (=+ LQ WKH UHJXODWLRQ RI PL51$ DQG LGHQWLILHG
PL51$VZLWKWXPRUVXSSUHVVLQJSRWHQWLDO,WDOVRVXJJHVWHGD
SRVVLEOH OLQNDJH EHWZHHQ (=+ RYHUH[SUHVVLRQ DQG 3'$&
GHYHORSPHQWZKLFKLVPHGLDWHGE\PL51$VUHSUHVVLRQ:KLOH
QHZ WKHUDSHXWLF VWUDWHJLHV EDVHG RQ PL51$ WHFKQRORJLHV LQ
3'$&DUHZDUUDQWHGWKHIUDPHZRUNRIWKLVVWXG\LVZRUWK\RI
DSSO\LQJ WR RWKHU PDOLJQDQFLHV ZLWK (=+ DEHUUDWLRQ IRU
LGHQWLILFDWLRQ RI QRYHO WXPRU VXSSUHVVRU PL51$
$FNQRZOHGJHPHQW 7KLVZRUNZDV VXSSRUWHG E\+RQJ.RQJ
5HVHDUFK *UDQWV &RXQFLO *5) JUDQW &8+. DQG
















(SLJHQHWLFPRGLILFDWLRQ LV RQH RI WKHPHFKDQLVPV OHDGLQJ WR
JHQH VLOHQFLQJ LQ QHRSODVWLF FHOOV %\ PHWK\ODWLRQVSHFLILF
3&5ZHDQDO\]HGWKHSURPRWHUPHWK\ODWLRQSURILOHRIFDQFHU
UHODWHGJHQHV LQ7XQLVLDQSDWLHQWVZLWKEUHDVWJDVWURLQWHVWLQDO
DQG QDVRSKDU\QJHDO FDUFLQRPDV7KHVH JHQHV DUH LQYROYHG LQ
FUXFLDO FHOOXODU IXQFWLRQV VXFK DV WKH WXPRU VXSSUHVVRU
5$66)$ FHOO F\FOH FRQWURO 3,1.D '1$ UHSDLU
K0/+ FHOO VLJQDOLQJ 5$5E DQG DSRSWRVLV
'$3.LQDVH7KH063&5ZDVSHUIRUPHGRQWXPRU'1$DV
ZHOO DV QRUPDO WLVVXHV :H VKRZHG WKDW 5$66)$ JHQH
SURPRWHU LV KLJKO\ PHWK\ODWHG LQ EUHDVW DQG QDVRSKDU\QJHDO
FDUFLQRPD+RZHYHUWKHSHUFHQWDJHRIPHWK\ODWHG5$66)$
LV ORZHU LQ FRORUHFWDO  DQG JDVWULF 
DGHQRFDUFLQRPDV 0RUHRYHU ZH VKRZHG WKDW DEHUUDQW
PHWK\ODWLRQRIS,1.DDQGK0/+SURPRWHUVRFFXUPRUH
IUHTXHQWO\LQFRORUHFWDOWKDQLQEUHDVWFDUFLQRPDYV
IRU S,1.D DQG  YV  IRU K0/+ 6LJQLILFDQW
DVVRFLDWLRQVZHUHUHYHDOHGEHWZHHQDEHUUDQWPHWK\ODWLRQVWDWXV
DQGFOLQLFRSDWKRORJLFDOSDUDPHWHUV,QIDFWK\SHUPHWK\ODWLRQ
RI K0/+ LV SUHGLFWLYH RI SRRU SURJQRVLV LQ EUHDVW DQG
FRORUHFWDO FDUFLQRPDV ZKLOH WKH PHWK\ODWHG 5$66)$
FRUUHODWHGZLWK DGYDQFHG710 LQ QDVRSKDU\QJHDO FDUFLQRPD
RI 7XQLVLDQ SDWLHQWV $OWRJHWKHU RXU GDWD VXSSRUWV WKDW WKH















LW ZLOO EH LPSRUWDQW WR XQGHUVWDQG WKH HQYLURQPHQWDO DQG
JHQHWLF FRPSRQHQWV RI WKH GLVHDVH (SLJHQHWLF FKDQJHV
LQFOXGLQJ'1$PHWK\ODWLRQDQGKLVWRQHPRGLILFDWLRQVFDQEH
D UHVSRQVH WR HQYLURQPHQWDO VLJQDOV UHVXOWLQJ LQ VWDEOH JHQH
H[SUHVVLRQ FKDQJHV  7R EHJLQ XQGHUVWDQGLQJ WKH HSLJHQHWLF
HIIHFWV RI JOXFRVH LQ WKH GLHW ZH FRQGXFWHG FKURPDWLQ
LPPXQRSUHFLSLWDWLRQ IROORZHG E\ WLOLQJ DUUD\ &K,3FKLS
DQDO\VLVRQLQYLWURFXOWXUHVRIFHOOVJURZQLQYDU\LQJDPRXQWV
RI JOXFRVH  :H KDYH LQYHVWLJDWHG WKH HIIHFWV RQ '1$
PHWK\ODWLRQ DQG YDULRXV KLVWRQH PHWK\ODWLRQ OHYHOV  5HVXOWV
IURP WKLV VWXG\ DUH SUHVHQWHG  ,QLWLDO UHVXOWV IURP WKLV VWXG\
ZLOOJXLGHPRUHGHWDLOHGDQDO\VLVRIWKHSURJUHVVRIHSLJHQHWLF


















7KH WKHRU\ WKDW PLFURJUDYLW\ FDXVHV DFFHOHUDWHG DJLQJ ZDV
GLVPLVVHG EHFDXVH DVWURQDXWV DQG EHGUHVW SDWLHQWV UHFRYHU
VZLIWO\ DIWHU WKH SHULRG RI PXVFXODUVNHOHWDO XSORDGLQJ
&RQFHUQV KRZHYHU UHPDLQHG EHFDXVH PLFURJUDYLW\ FDXVHG
ERQH ORVV ZDV UHSODFHG ZLWKRXW DFKLHYLQJ WKH LQLWLDO ERQH
GHQVLW\  :KLOH H[SRVHG WR PLFURJUDYLW\ RVWHREODVW FHOOV
XQGHUJR D YDULHW\ RI PRUSKRORJLFDO DQG WUDQVFULSWLRQDO
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FKDQJHV OHDGLQJ WR FHOO VHQHVFHQFH DQG ERQH ORVV 6R IDU QR
JHQH H[SUHVVLRQ SURILOLQJ KDV EHHQ GRQH RQ PLFURJUDYLW\
H[SRVHGRVWHREODVWFHOOVDIWHUWKH\KDYHEHHQUHFXOWXUHGDW*
7KHUHIRUH WKH REMHFWLYH RI WKLV VWXG\ ZDV WR FRPSDUH
SK\VLRORJLFDO FKDQJHV ZLWK JHQH H[SUHVVLRQ GDWD IURP
PLFURJUDYLW\ UHFRYHUHG RVWHREODVW 052 FHOOV  1RUPDO
+XPDQRVWHREODVWFHOOVSXUFKDVHGIURP/21=$86$ZHUH
VHQW ZLWK 6R\X] 70$ WR WKH ,QWHUQDWLRQDO 6SDFH 6WDWLRQ
ZKHUHWKH\ZHUHFXOWXUHGDW&IRUGD\V$IWHUODQGLQJWKH
FHOOV ZHUH FROOHFWHG DQG UHFXOWXUHG XQGHU * VWDQGDUG FHOO
FXOWXUHFRQGLWLRQVIRUZHHNVEHIRUHWKH\ZHUHFU\RSUHVHUYHG
IRU IXUWKHU H[SHULPHQWV )RU WKH PLFURDUUD\ H[SHULPHQWV WKH
$II\PHWUL[ *HQH&KLS +XPDQ *HQH  67 ZHUH XVHG DQG
0LFURDUUD\GDWDDQDO\VLVZDVGRQHXVLQJ*HQH6SULQJ*;
DQDO\VLVVRIWZDUH$JLOHQW7HFKQRORJLHV,QF6DQWD&ODUD&$
6LJQLILFDQW XS DQG GRZQUHJXODWHG JHQHV ZHUH GHWHUPLQHG
XVLQJ $129$ ZLWK SYDOXH  DQG IROG FKDQJH IRU
HDFK JHQH 7KH ,QWHJUDWHG 'LVFRYHU\ '$9,'
KWWSQLDLGDEFFQFLIFUIJRY DQG 3DQWKHU &ODVVLILFDWLRQ
V\VWHP KWWSZZZSDQWKHUGERUJ ZHUH XVHG IRU DQQRWDWLRQ
DQG YLVXDOL]DWLRQ RI SDWKZD\V RI VLJQLILFDQW UHJXODWHG
WUDQVFULSWV0LFURDUUD\UHVXOWVRIVHOHFWHGJHQHVZHUHYDOLGDWHG
XVLQJUHDOWLPH3&57KHPLFURDUUD\UHVXOWVVKRZHGWKDW
JHQHV PDSSLQJ WR  SDWKZD\V ZHUH VLJQLILFDQWO\ GLIIHUHQW
H[SUHVVHG LQ WKH 052 FHOOV 7KH SDWKZD\V ZLWK WKH PRVW
GLIIHUHQWO\ H[SUHVVHG JHQHV ZHUH WKH:QW VLJQDOLQJ SDWKZD\
JHQHVFHOOF\FOHUHJXODWLRQJHQHVXELTXLWLQPHGLDWHG
SURWHRO\VLV JHQHV DQG LQIODPPDWLRQSDWKZD\ JHQHV
,QWHUHVWLQJO\ WKHKLJKO\ VLJQLILFDQW GLIIHUHQW JHQHVPDSSHG WR
WKH :QW DQG WKH &\WRVNHOHWDO UHJXODWLRQ E\ 5KR *73DVH
SDWK\ZD\ %RWK SDWKZD\V DUH YHU\ LPSRUWDQW IRU RVWHREODVW
SUROLIHUDWLRQGLIIHUHQWLDWLRQIXQFWLRQDQGFHOOGHDWK&KDQJHV





ZKLFK ZRXOG FRXQWHU LQGLFDWH SUHPDWXUHO\ DJHG FHOOV 1HZ
UHVHDUFK LQGLFDWHV WKDW XELTXLWLQDWLRQ LV DOVR LQYROYHG LQ
WUDQVFULSWLRQDO UHJXODWLRQ DQG '1$ UHSDLU  &RQFOXVLRQ
7RJHWKHUZLWKWKHREVHUYHGFKDQJHVLQWKHFHOOF\FOHUHJXODWLRQ
DQG DSRSWRVLV SDWKZD\ WKLVPD\ LQGLFDWH D UHGXFHG DELOLW\ RI



















9DULRXV HQYLURQPHQWDO LQIOXHQFHV LQXWHUR DUH NQRZQ WR
SUHGLFW ULVN RI FRPSOH[ GLVRUGHUV OLNH FDUGLRYDVFXODU GLVHDVH
DQG GLDEHWHV ,Q VSLWH RI SUHYLRXV HSLGHPLRORJLFDO VWXGLHV
GHPRQVWUDWLQJ WKH DERYH PHQWLRQHG IDFW WKH SUHFLVH
PHFKDQLVP IRU WKLV GHUHJXODWLRQ UHPDLQV HOXVLYH '1$
PHWK\ODWLRQ WKH PHWK\ORPH LV SDUWLFXODUO\ YXOQHUDEOH WR
QXWULWLRQDO SHUWXUEDWLRQV GXULQJ HPEU\RJHQHVLV DV QXWULHQWV
OLNH YLWDPLQ% % IRODWH DQGPHWKLRQLQH DUH WKH SULPDU\
VRXUFH RI PHWK\O JURXSV IRU DOO ELRORJLFDO PHWK\ODWLRQ
UHDFWLRQV 6RPH VWXGLHV KDYH SURYLGHG HYLGHQFH IRU D UROH RI
HSLJHQHWLFPHFKDQLVPVLQH[HUWLQJWKHVHORQJWHUPFKDQJHVEXW
WKLVKDVQRWEHHQH[SOLFLWO\GHPRQVWUDWHG7KHREMHFWLYHRIRXU
VWXG\ ZDV WR DVFHUWDLQ ZKHWKHU PDWHUQDO PLFURQXWULHQW
9LWDPLQ % GHILFLHQF\ DIIHFWV GHYHORSPHQWDO HSLJHQHWLF





RI UDW SXSV ERUQ WR 9LWDPLQ % UHVWULFWHG PRWKHUV DQG WKH
FRQWURO PRWKHUV DV WKH PRGHO V\VWHP WR LGHQWLI\ WKH
GLIIHUHQWLDOO\ PHWK\ODWHG UHJLRQV '05V :H ZHUH DEOH WR
JHQHUDWH D KLJK UHVROXWLRQ PDS RI WKH UDW OLYHU PHWK\ORPH
XVLQJ PHWK\ODWHG '1$ LPPXQRSUHFLSLWDWLRQ 0H',3 DVVD\
IROORZHG E\ KLJK WKURXJKSXW VHTXHQFLQJ 0H',36HT RQ
,OOXPLQDµV 6ROH[D SODWIRUP :H SDUDOOHO\ HPSOR\HG





WKH JOREDO PHWK\ODWLRQ SURILOHV ZLWK WKH GLIIHUHQWLDO SURWHLQ
H[SUHVVLRQ SURILOHV ZKLFK ZLOO HQDEOH XV WR XQGHUVWDQG WKH
HIIHFW RI PLFURQXWULHQWV GXULQJ IHWDO OLIH :H IRXQG D IHZ
'05V DQG DUH IXUWKHU DQDO\]LQJ WKH GDWD WR DVFHUWDLQ WKH
GLIIHUHQWLDOO\ PHWK\ODWHG UHJLRQV WKURXJKRXW WKH JHQRPH
&RUUHODWLRQ RI WKH HIIHFWV RI PDWHUQDO QXWULWLRQ RQ JHQRPH
PHWK\ODWLRQ DQG WKH FRUUHVSRQGLQJ SURWHRPH SURILOH RI WKH
RIIVSULQJZRXOGKHOSXVXQGHUVWDQG WKHSRWHQWLDOPHFKDQLVPV

















RI FHOOV DW WKH JHQRPLF WUDQVFULSWRPLF DQG HSLJHQHWLF OHYHOV
)RUDQRUPDOFHOOWREHFRPHDFDQFHUFHOOFKDQJHVRQDOOWKHVH
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DQG LQWHJUDWLQJ YDULRXV W\SHV RI 1*6 GDWDVHWV WKHVH DUH
'1$VHT 51$VHT VPDOO 51$VHT '1$ DQG PHWK\ODWLRQ
VHTXHQFLQJ GDWDVHWV ,Q WKH ILUVW OHYHO RI DQDO\VLV DOO WKHVH
GDWDVHWV DUH DQDO\]HG LQGLYLGXDOO\ WR JHQHUDWH D FRPSHQGLXP
RIJHQRPLFWUDQVFULSWRPLFDQGHSLJHQHWLFDOWHUDWLRQVIRUHDFK
EUHDVW FDQFHU FHOO OLQH 7KLV FRPSHQGLXP LQFOXGHV JHQH
IXVLRQV 613V FRS\ QXPEHU YDULDWLRQV &19V DOWHUQDWLYH
VSOLFLQJ PHWK\ODWLRQ VLWHV LQ UHJXODWRU\ UHJLRQV DQG VPDOO
51$H[SUHVVLRQ  ,QWKHVHFRQGOHYHORIDQDO\VLV WKHYDULRXV
DOWHUDWLRQVDUHFRPELQHG WRJHQHUDWH DFRPSUHKHQVLYHSLFWXUH
RI FHOOXODU PLVUHJXODWLRQ LQ FDQFHU 5HJXODWRU\ QHWZRUNV DUH
JHQHUDWHG WKDW FRPELQH WUDQVFULSWRPLF FKDQJHV ZLWK &19V
PHWK\ODWLRQ DOWHUDWLRQV DQG H[SHUWFXUDWHG DQQRWDWLRQV %\
OLQNLQJ GLIIHUHQW OLQHV RI HYLGHQFH WKH UHVXOWV RI WKLV ZRUN
DOORZWRXQUDYHODQGXQGHUSLQJHQHWLFDOWHUDWLRQVLQFDQFHU7R
SUHVHQW WKHVH UHVXOWV YLVXDOO\ ZH GHYHORSHG D QHWZRUN DQG
WUDQVFULSWRPH YLHZHU 7KH QHWZRUN YLHZHU DOORZV WR GHSLFW
JHQH H[SUHVVLRQ PHWK\ODWLRQ DQG DGGLWLRQDO H[SHUW FXUDWHG
LQIRUPDWLRQLQDQHWZRUNYLHZIRUDOOEUHDVWFDQFHUFHOO OLQHV
7KHWUDQVFULSWRPHYLHZHULQDGGLWLRQDOORZVYLHZLQJFKDQJHV
LQ WUDQVFULSWH[SUHVVLRQDQGQRYHO VSOLFHMXQFWLRQV IRUDOO FHOO
OLQHV 2YHUDOO WKLV VWXG\ SLQSRLQWV DQG YLVXDOL]HV PDQ\


















+HPDWRSRLHWLF VWHP FHOO +6& GHULYHG IURP FRUG EORRG KDV
PDQ\ DGYDQWDJHV IRU EORRG WUDQVSODQWDWLRQ DQG JHQH WKHUDS\
HVSHFLDOO\ LQ KHPDWRORJLFDOO\ DQG LPPXQRFRPSURPLVHG
GLVHDVHV EXW WKH UHFLSLHQW LV UHVWULFWHG WR SHGLDWULF SDWLHQWV
EHFDXVHRIWKHVPDOOYROXPHLQKHUHQWIURPFRUGEORRG7KHVH
LQFRQYHQLHQFHVKDYHEHHQFRQVLGHUHGWREHUHVROYHGLIH[YLYR
H[SDQVLRQ DQG GLIIHUHQWLDWLRQ RI+6& WRPDWXUHG EORRG FHOOV
ZRXOG WXUQRXW WR EH D UHDOLW\7RGDWH WKHUH LV QR UHSRUW RQ
WUDQVFULSWRPLFSURILOLQJFDUULHGRXWRQ+6&GHULYHGPRQRF\WH
WKHUHIRUH WKLV VWXG\ LVFRQGXFWHG WRGHWHUPLQH WKHGLIIHUHQWLDO
SURILOLQJ RI GLIIHUHQWLDWHG &' KHPDWRSRLHWLF SURJHQLWRU
FHOOV +3&V PRQRF\WHV FRPSDUHG WR WKH PRQRF\WLF FHOOV
LVRODWHG IURP SHULSKHUDO EORRG 3% RI QRUPDO LQGLYLGXDOV
1RUPDO &' +3&V LVRODWHG IURP XPELOLFDO FRUG EORRG
8&% SXUFKDVHG IURP /21=$ 86$ ZHUH H[SDQGHG DQG
GLIIHUHQWLDWHG XVLQJ VSHFLILF F\WRNLQHV FRFNWDLOV DW & DQG
&2LQZHOOSODWHV0RQRF\WHVH[SUHVVLQJ&'ZHUH
LVRODWHG IURP 3% XVLQJ )LFRO+\SDTXH  JPO JUDGLHQW
GHQVLW\ PHWKRG 3XUH FHOO SRSXODWLRQV RI &' +3&V
&' GHULYHG PRQRF\WHV DQG PRQRF\WHV IURP 3% ZHUH
HQULFKHG XVLQJ &' DQG &' 0$&6 PDJQHWLF EHDGV
LVRODWLRQNLWV0LOWHQ\L*HUPDQDQGYDOLGDWHXVLQJ)$&6FDQ
%HFNPDQ &RXOWHU 7RWDO 51$ LVRODWLRQ ZDV FDUULHG RXW E\
WKHXVHRI7UL]RO4LDJHQ7RXQGHUVWDQGWKHGLIIHUHQWLDOJHQH
H[SUHVVLRQSURILOLQJSDWWHUQ VKRZHGE\ERWKFHOO SRSXODWLRQV
ZH FDUULHG RXW PLFURDUUD\ DQDO\VLV E\ XVLQJ $II\PHWUL[
*HQH&KLS +XPDQ *HQH  67 $II\PHWUL[ 86$ 'DWD
DQDO\VLV ZDV GRQH XVLQJ *HQH 6SULQJ *; $JLOHQW
7HFKQRORJLHV ,QF 6DQWD &ODUD &$ 6LJQLILFDQW JHQHV
H[SUHVVLRQ FKDQJHV ZHUH YDOLGDWHG XVLQJ $129$ZLWK D S
YDOXH  DQG IROGFKDQJH   IRU HDFK JHQH 7KH
,QWHJUDWHG 'LVFRYHU\ '$9,' VRIWZDUH
KWWSQLDLGDEFFQFLIFUIJRY DQG WKH 3DQWKHU &ODVVLILFDWLRQ
V\VWHP KWWSZZZSDQWKHUGERUJ ZHUH XVHG IRU DQQRWDWLRQ
DQG YLVXDOL]DWLRQ RI GLIIHUHQWLDOO\ H[SUHVVHG SDWKZD\V RI
VWDWLVWLFDOVLJQLILFDQFH0LFURDUUD\GDWDRIVHOHFWHGJHQHVZHUH
YDOLGDWHG XVLQJ 6<%5 *UHHQ T573&5 )URP WKH DQDO\VHV
JHQHSURILOLQJRIH[YLYR&'GLIIHUHQWLDWHGPRQRF\WHFHOOV
VKRZHG PDUNHG GLIIHUHQFHV FRPSDUHG WR WKH PRQRF\WH FHOOV
LVRODWHG IURPSHULSKHUDOEORRGDVGHPRQVWUDWHGE\6WHF HW DO




GLIIHUHQWO\H[SUHVVHGJHQHVZHUH WKHFDQFHU FHOO SDWKZD\ 
JHQHV O\VRVRPH SDWKZD\  JHQHV UHJXODWLRQ RI DFWLQ
F\WRVNHOHWRQ  JHQHV ULERVRPH SDWKZD\  JHQHV
KDHPDWRSRLHWLFFHOO OLQHDJHSDWKZD\JHQHVDQGOHXNRF\WHV
WUDQVHQGRWKHOLDO PLJUDWLRQ SDWKZD\  JHQHV )URP WKLV
SUHOLPLQDU\ GDWD WKH GHPRQVWUDWHG FKDQJHV LQ WKH RQFRJHQH
SDWKZD\DQGKHPDWRSRLHWLFFHOOOLQHDJHSDWKZD\PD\LQGLFDWH
D KLJKHU DELOLW\ RI +3& GHULYHG &' FHOOV WRPDLQWDLQ FHOO
SUROLIHUDWLRQ ,WPD\ DOVR LQGLFDWH WKDW GLIIHUHQWLDWHG FHOOV DUH
DEOH WR H[SUHVVHG VWHPQHVV FKDUDFWHULVWLF FRPSDUHG WR WKH





















IXQGDPHQWDO FHOOXODU SURFHVVHV VXFK DV '1$ UHSOLFDWLRQ
WUDQVFULSWLRQ DQG WUDQVODWLRQ ,W DOVR DIIHFWV GLYHUJHQW FHOOXODU
UHVSRQVHVSDWKZD\V LQFOXGLQJ FHOO F\FOH FRQWURO
DSRSWRVLVQHFURVLV HOHFWURQ WUDQVSRUW FHOO DGKHVLRQ
LQIODPPDWRU\ UHVSRQVH DQG PRUSKRJHQHVLV DQG UHSDLU
+RZHYHU LWV DIIHFWV RQ KXPDQ FHOOV DQG WLVVXHV DUH SRRUO\
XQGHUVWRRG 0LFUR51$V PL51$V DUH D QRYHO SRVW
WUDQVFULSWLRQDO JHQH UHJXODWRUV HDFK WDUJHWLQJ VHYHUDO HYHQ
! P51$V 7KH\ DUH EHLQJ LQGLFDWHG LQ DQ LQFUHDVLQJ
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QXPEHU RI FHOOXODU DEQRUPDOLWLHV VR KROGLQJ SURPLVH DV




 DQG PL5 KDV EHHQ DVVRFLDWHG ZLWK YDULRXV FHOOXODU
DEQRUPDOLWLHV7KHVHPL51$VDUHYDOLGDWHG WRFRQWURO WDUJHWV
LQ 3 1)N% DSRSWRVLV -$.67$7 7*)ȕ DQG $.7
SDWKZD\V$V WKHVHSDWKZD\V DUH DOUHDG\ VKRZQ WR  WKURXJK
PLFURDUUD\VWXGLHVFRQWULEXWHWR60SDWKRJHQHVLVLWZRXOGEH
LQWHUHVWLQJ WR DVVHVV WKH HIIHFWV RI 60 H[SRVXUH RQ WKHVH
PL51$V 0HWKRGV 1RUPDO KXPDQ ILEUREODVWV ZHUH
PDLQWDLQHG LQ 530, &  &2 1HDUFRQIOXHQW FHOO
FXOWXUHVZHUHH[SRVHGWRDQGPLFURPROHVRI60
IRUGLIIHUHQW WLPHSRLQWVV KUV DQGZHUHXVHGDORQJ
ZLWKVNLQELRSVLHVREWDLQHGIURP,UDQLDQYHWHUDQVWRGHWHUPLQH
FKDQJHV LQ PLU DQG PLU FOXVWHU $IWHU 51$
H[WUDFWLRQ DQG F'1$ V\QWKHVLV WKH H[SUHVVLRQ RI FDQGLGDWH
PL51$V ZHUH DVVD\HG XVLQJ UHDO WLPH 3&5 5HVXOWV DQG
'LVFXVVLRQ 8VLQJ /1$ VSHFLILF SULPHUV ZH ZHUH DEOH WR
GHWHFW DQG TXDQWLI\ WKH H[SUHVVLRQ RIPLU DQGPLUD LQ
H[SRVHGFHOOVDQGVNLQELRSVLHV2XUSUHOLPLQDU\GDWDVXJJHVW
WKDW PLU DQG PLUD DUH GRZQUHJXODWHG LQ ELRSVLHV
REWDLQHG IURP OHVLRQ DUHDV RI VNLQ LQ FRPSDULVRQ WR WKH
QRUPDO VNLQ WLVVXH IURP WKH VDPH SDWLHQW 60 H[SRVXUH RQ
ILEUREODVWFHOOVDOVRDOWHUHG WKHH[SUHVVLRQRIPLUDQGPLU
D LQ D GRVHGHSHQGHQWPDQQHU 2XU GDWD VXJJHVW WKDW 60























&DUFLQRPD RI WKH XWHULQH FHUYL[ LV RQH RI WKHPRVW FRPPRQ
QHRSODVLD DPRQJ ZRPHQ ZRUOGZLGH VHFRQG RQO\ WR EUHDVW
FDQFHU+RZHYHULWUDQNVQXPEHULQ6DXGL$UDELDQZRPHQ
7KHDFWXDOFDXVHVRIWKLVUHODWLYHO\ORZLQFLGHQFHDUHXQNQRZQ
EXW LW FRXOG EH UHODWHG WR WKH VXVFHSWLELOLW\ WR LQIHFWLRQ ZLWK
KXPDQ SDSLOORPD YLUXVHV +39 DQG JHQHWLF SUHGLVSRVLQJ
IDFWRUV,QIDFWLQGLYLGXDOVGLIIHULQWKHLULQKHUHQWWHQGHQF\WR
GHYHORS FDQFHU 7KLV KDV EHHQ VXJJHVWHG WR EH UHODWHG WR
SRO\PRUSKLFYDULDWLRQVEHWZHHQLQGLYLGXDOV6LQJOHQXFOHRWLGH
SRO\PRUSKLVPV613VDUHWKHPRVWFRPPRQIRUPRIJHQHWLF
YDULDWLRQV IRXQG LQ WKH KXPDQ SRSXODWLRQ 613V LQ JHQHV
LQYROYHGLQSDWKZD\VUHODWHGWRFHOOF\FOHFRQWURO'1$UHSDLU
DQG DSRSWRVLV DUH OLNHO\ WR DIIHFW FDQFHU VXVFHSWLELOLW\ GXH WR
LQDELOLW\ WR DFFXUDWHO\ UHSDLU '1$ GDPDJH DQG KDOW WKH
GLYLVLRQ RI LQMXUHG FHOOV $ VWURQJ FDQGLGDWH LV WKH WXPRU
VXSSUHVVRU JHQH 73PHGLDWHG SDWKZD\ $ FRPPRQ *&
SRO\PRUSKLVPDWFRGRQRI73WKDWUHVXOWVLQDSUROLQHWR
DUJLQLQHFKDQJHLQWKHDPLQRDFLGVHTXHQFHRIWKHHQFRGHGS




7KH DLP RI WKLV VWXG\ ZDV WR LQYHVWLJDWH WKH DVVRFLDWLRQ
EHWZHHQWKH61373FRGRQ*&$UJ3URDQGWKHULVNWR
GHYHORS FHUYLFDO FDQFHU LQ 6DXGL ZRPHQ $ FRKRUW RI 
IHPDOHV ZDV VWXGLHG LQFOXGLQJ  FHUYLFDO FDQFHU SDWLHQWV
DQGFRQWUROV'1$ZDVH[WUDFWHGIURPPOZKROHEORRG
DQGWKHUHOHYDQW'1$VHJPHQWZDV3&5DPSOLILHGVHTXHQFHG
DQG 73 *& JHQRW\SHG 5HVXOWV VKRZHG VWDWLVWLFDOO\
VLJQLILFDQW DVVRFLDWLRQV 3    EHWZHHQ WKH 73 *&
DQG FHUYLFDO FDQFHU RFFXUUHQFH 7KH YDULDQW && JHQRW\SH
VKRZHGLQFUHDVHGULVNWRGHYHORSFHUYLFDOFDQFHU2GGV5DWLR
   FRQILGHQFH LQWHUYDO  ,QWHUHVWLQJO\ DW 
VLJQLILFDQFH OHYHO IRU  GHJUHH RI IUHHGRP WKH JHQRW\SH
IUHTXHQFLHV RI WKH FRQWURO JURXS ZHUH RXW RI WKH +DUG\
:HLQEHUJ HTXLOLEULXP [    ZKLOH WKDW RI WKH SDWLHQWV
ZHUH LQ WKH +DUG\:HLQEHUJ HTXLOLEULXP [   :H
FRQFOXGH WKDW 73 *& SRO\PRUSKLVP LV DVVRFLDWHG ZLWK
FDQFHU SUHGLVSRVLWLRQ DQG WKH YDULDQW&&JHQRW\SH LQFUHDVHV
IROGWKHULVNRIGHYHORSLQJFHUYLFDOFDQFHULQ6DXGLIHPDOHV
/DUJHU VWXGLHV DUH UHTXLUHG WR FRQILUP WKHVH UHVXOWV DQG WR
XQFRYHU PRUH SRO\PRUSKLF YDULDWLRQV WKDW FDQ EH XVHG DV
ELRPDUNHUV WR LGHQWLI\ZRPHQDWKLJKULVNRIFHUYLFDOFDQFHU


















7KH LQIODPPDVRPHV DUH HVVHQWLDO UHJXODWRUV RI F\WRNLQH
SURGXFWLRQ :H LQYHVWLJDWHG ZKHWKHU WZR SRO\PRUSKLVPV LQ
WKH JHQHV HQFRGLQJ 78&$1 &$5' DQG FU\RS\ULQ
1/53 LQIOXHQFH VXVFHSWLELOLW\ LQ 5$ LQ 7XQLVLDQ
SRSXODWLRQ &$5' UV DQG 1/53 UV
VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V ZHUH JHQRW\SHG LQ
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 7XQLVLDQ 5$ SDWLHQWV  XQUHODWHG KHDOWK\ FRQWUROV
XVLQJ 7DT0DQ 
 DOOHOLF GLVFULPLQDWLRQ DVVD\ 'DWD ZHUH
DQDO\]HGE\[WHVW*HQRW\SH5HODWLYH5LVN*55DQG2GGV
5DWLR 25 1R VLJQLILFDQW GLIIHUHQFH LQ DOOHOH DQG JHQRW\SH
IUHTXHQFLHV ZDV GHWHFWHG EHWZHHQ 5$ SDWLHQWV DQG FRQWUROV
HLWKHU ZLWK &$5' RU 1/53 JHQHV S  S  DQG
S S UHVSHFWLYHO\6WUDWLI\LQJSDWLHQWVDFFRUGLQJWR
WKH SUHVHQFH RI UKHXPDWRLG IDFWRU 5) DQWLF\FOLF SHSWLGHV
DQWLERGLHV $&3$ HURVLRQ QRGXOHV DQRWKHU DXWRLPPXQH
GLVHDVH RU LQ+/$'5% DQG+/$'5% SRVLWLYH
VXEJURXSV GLG QRW VKRZ DQ\ VLJQLILFDQW DVVRFLDWLRQ ZLWK
&$5'RU1/53S!2XUGDWDVXJJHVWWKDW&$5'
&; DQG 1/53 4. VLQJOH QXFOHRWLGH




















7KH DLP RI WKLV VWXG\ ZDV WR GLVFRYHU JHQHWLF YDULDQWV
DVVRFLDWHG ZLWK DQWHULRU FKDPEHU GHSWK $&' LQ DQ XUEDQ
6LQJDSRUHDQ SRSXODWLRQ  :H FRQGXFWHG D SRSXODWLRQEDVHG
JHQRPHZLGH DVVRFLDWLRQ VWXG\ *:$6 RI $&' LQ
6LQJDSRUHDQ0DOD\VDQGLQ6LQJDSRUHDQ,QGLDQVDJHGEHWZHHQ
 \HDUV IURP WZR ZHOO FKDUDFWHUL]HG SRSXODWLRQEDVHG
VWXGLHV WKH 6LQJDSRUH 0DOD\ (\H 6WXG\ 6L0(6 DQG WKH
6LQJDSRUH ,QGLDQ (\H 6WXG\ 6,1', UHVSHFWLYHO\ $ QRQ
FRQWDFW SDUWLDO FRKHUHQFH ODVHU LQWHUIHURPHWU\ ,2/0DVWHU
9&DUO =HLVV0HGLWHF$* -HQD*HUPDQ\ZDV XVHG WR
PHDVXUH$&' LQ WKH KRUL]RQWDO DQG YHUWLFDOPHULGLDQ $&'
PHDVXUHPHQWVZHUHDYDLODEOH IRUSDUWLFLSDQWV LQ6L0(6
DQG  LQ 6,1', 2I WKHVH  DQG  KDG '1$




LQGLYLGXDOV ZLWK WZR SKDNLF H\HV LQGLYLGXDOV ZHUH H[FOXGHG
ZKHQ$&'PHDVXUHPHQWVEHWZHHQWKHWZRH\HVGLIIHUHGPRUH
WKDQ PP WRS  SHUFHQWLOH ZKLFK JDYH ERWK D KLJK
SKHQRW\SLF DQG KLJK*:$6 SYDOXH FRUUHODWLRQ EHWZHHQ WKH
OHIWDQGULJKWH\H!DQG!UHVSHFWLYHO\,QWKHILQDO
*:$6 WKH PHDQ PHDVXUHPHQW RI $&' ZDV XVHG )LQDO
VDPSOHV\LHOGHGDWRWDORI0DOD\VDQG,QGLDQVZKR
KDGERWKSKHQRW\SLFDQGJHQRW\SLFGDWD6HSDUDWHDVVRFLDWLRQ




VLJQLILFDQFHZDV LGHQWLILHG IRUZKLFK UHSOLFDWLRQ LV SHQGLQJ
:HGLVFRYHUHGDSRWHQWLDOJHQHLQIOXHQFLQJ$&'LQWZRHWKQLF
6LQJDSRUHDQSRSXODWLRQV)XUWKHULQYHVWLJDWLRQLVZDUUDQWHGDV


















7ULPHWK\ODPLQXULD 70$8 LV D PHWDEROLF GLVRUGHU WKDW
SURGXFHVSURQRXQFHGERG\RGRUV UHVXOWLQJ IURP WKH V\VWHPLF
DFFXPXODWLRQ RI DQ H[FHVVLYH DPRXQW RI XQR[LGL]HG
WULPHWK\ODPLQH WKDW LV WKHQH[FUHWHG LQ WKHEUHDWK VZHDW DQG
XULQH 7KH ELRFKHPLFDO GHILFLW FDXVLQJ WKLV FRQGLWLRQ LV WKH
LQDELOLW\ WR FRPSOHWHO\ PHWDEROL]H WULPHWK\ODPLQH 70$ WR
70$R[LGH 70$2 LQ WKH OLYHU 7KHUH DUH VHYHUDO W\SHV RI
70$8FDXVHG E\ D 
VSHFWUXP
RI FKDQJHV LQ WKH JHQHZKLFK
FRQWUROVWKHIRUPDWLRQRIWKHIODYLQFRQWDLQLQJPRQRR[\JHQDVH
 )02 HQ]\PH ,Q KXPDQV WKLV LV DQ LPSRUWDQW OLYHU
HQ]\PH WKDW FRQWUROV WKH PHWDEROLVP RI VXEVWDQFHV VXFK DV
70$7KHPRVW VHYHUH IRUPRI70$8DSSHDUV WREHFDXVHG




RI WKH SRSXODWLRQ PD\ VXIIHU IURP 70$8  EXW LWV WUXH








 LV OHVVFRPPRQ LQ WKHJHQHUDOSRSXODWLRQVR IDU VFUHHQHG
9DULDEOHH[WHQWRIGHFUHDVHG)02HQ]\PHDFWLYLW\KDVEHHQ
FKDUDFWHUL]HG DV WKH IXQFWLRQDO LPSDFW RI WKH IRXU YDULDQWV LQ
YLWUR:HUHSRUWWKHGLVWULEXWLRQRIIRXUYDULDQWVLQKHDOWK\
LQGLYLGXDO VDPSOHG IURP VHYHUDO JHRJUDSKLFDO VLWHV  
VDPSOHVIRUWKH1RUWK$IULFD0RURFFR$OJHULDDQG7XQLVLD
 IRU WKH VRXWK RI ,WDO\  IRU HDVWHUQ 0HGLWHUUDQHDQ
*UHHFHDQG$OEDQLD*HQRW\SLFIUHTXHQFLHVZHUHGHWHUPLQHG
E\3&55)/3PHWKRG DQG DOOHOH IUHTXHQFLHVZHUH HVWLPDWHG
E\ WKH JHQH FRXQWLQJ PHWKRG  7DEOH ([RQV9DULDQW$OOHOLF


















DQG GLVWULEXWLRQ RI  675VPDUNHU 732; Y:$'6
'6 '6 '6 '6 '6 7+2
'6  :KROH EORRG VDPSOHV ZDV FROOHFWHG IURP 
XQUHODWHG LQGLYLGXDOV PDQ DQG ZRPDQ OLYLQJ LQ WKH FHQWUDO
UHJLRQ RI ,UDQ 3&5 DPSOLILFDWLRQV RI WKH  675 ORFL ZHUH
SHUIRUPHG E\$%,35,60[O'1$*HQHWLF$QDO\]HU
7KH 3RS*HQ DQG 3RZHU 6WDWV Y VRIWZDUHZDV XVHG IRU




PDUNHUV  DOOHOHV UHVSHFWLYHO\ 7KH H[SHFWHG KHWHUR]\JRVLW\
XQELDVHG HVWLPDWH UDQJHV IURP  732; WR 




3RO\PRUSKLF ,QGH[&RQWHQWZHUHYDULDEOH IURP 732;
WR '63DWHUQLW\ ,QGH[ IURP 732; WR
'6ZKLFKLVLQGLFDWLYHJRRGLQIRUPDWLRQIRUDOORIWKH
675V5HVXOWVLQGLFDWHGWKDWXVHIXOQHVVRIVWXGLHG675VORFLLQ


















3RSXODWLRQ JHQHWLFV DQG IRUHQVLF ELRORJ\ DUH LQH[WULFDEO\
OLQNHGWRJHWKHU7KH675VDUHK\SHUYDULDEOHPDUNHUVWKDWFDQ
SURSRVH WKH EHWWHU XQGHUVWDQGLQJ QHHGHG WR GLVWLQJXLVK
UHODWLRQVKLSV DPRQJ FORVHO\ UHODWHG SRSXODWLRQV DW WKH VDPH
WLPH 7KH REMHFWLYH RI WKLV VWXG\ ZDV WR LQYHVWLJDWH JHQHWLF
GLYHUVLW\ DQG HVWLPDWHG SK\ORJHQHWLF GLVWDQFH LQ  ,UDQLDQ
SRSXODWLRQV )RU WKLV SURSRVH WHQ 675 ORFL '6
'6 '6 '6 '6 '6 '6
732; 7+2 	 Y:$ ZHUH VHOHFWHG %ORRG VDPSOHV ZHUH
REWDLQHG IURP  ,UDQLDQ XQUHODWHG KHDOWK\ GRQRUV ZRPDQ
DQG PDQ OLYLQJ LQ GLIIHUHQW UHJLRQV RI *XLODQ )DUV
.RUGHVWDQ.KRX]HVWDQ$]DUED\MDQDQG6LVWDQ	%DOXFKHVWDQ
SURYLQFH 7KH 3&5 DPSOLILFDWLRQ ZDV FDUULHG RXW LQ ILQDO
YROXPH RI OZLWK WKH VSHFLDO DQQHDOLQJ WHPSHUDWXUH IRU D
SDLURISULPHUZLWKRXW WKHH[WHQVLRQ WLPH7KH3&5SURGXFWV
ZHUH VHSDUDWHG E\ HOHFWURSKRUHVLV RQ GHQDWXULQJ 
SRO\DFU\ODPLGH JHO XVLQJ WKH*HO 6HTXHQFLQJ 6\VWHP RI WKH
%LR5$' FRPSDQ\ 7KH 3RS*HQ DQG 3RZHU 6WDWV Y
VRIWZDUHZDVXVHGIRULQYHVWLJDWLRQRISRSXODWLRQDQGIRUHQVLF
SDUDPHWHUV 7KH PRVW DQG OHDVW DOOHOHV ZHUH REVHUYHG LQ
'6  DOOHOHV DQG 732; PDUNHUV  DOOHOHV 7KH
KHWHUR]\JRWH FRQWHQW ZDV IURP  732; WR
 '6 UHVSHFWLYHO\'HYLDWLRQ IURP+DUG\
:HLQEHUJ HTXLOLEULXP ZDV VHHQ LQ WKH ORFXV RI '6
3  DQG '6 3   7KLV GHFUHDVH LQ
HTXLOLEULXP ZDV HOLPLQDWHG XQGHU WKH %RQIIHUURQL FRUUHFWLRQ
3%DVHGXSRQWKHDOOHOLFIUHTXHQFLHVVHYHUDOLPSRUWDQW
IRUHQVLF SDUDPHWHUV ZHUH FDOFXODWHG 7KH 3,& ZDV YDULDEOH
IURP  732; WR  '6 3RZHU RI
'LVFULPLQDWLRQ IURP  732; WR  '6
3RZHURI([FOXVLRQIURP732;WR'6
7KH 3DWHUQLW\ ,QGH[ZDV YDULDEOH IURP  732; WR 
'6 WKDW LV LQGLFDWLYH JRRG LQIRUPDWLRQ IRU DOO RI WKH
675V 7KH )LV )LW DQG )VW ZDV   DQG 
UHVSHFWLYHO\ ,QFUHDVLQJ RI )VW ZDV LQGLFDWHG WKDW WKHUH LV
SDUWLDO VHJUHJDWLRQ EHWZHHQ SRSXODWLRQV 7KH JHQH IORZ
EHWZHHQ SRSXODWLRQV ZDV HVWLPDWHG  &RUUHODWLRQ
FRQWHQW RI 675 ORFL ZLWKLQ DQG EHWZHHQ SRSXODWLRQV ZDV
HYDOXDWHG  DQG  UHVSHFWLYHO\ &RPSDULVRQ
EHWZHHQHWKQLFVDQGGUDZLQJSK\ORJHQHWLFWUHHZLWK83*0$
SK\ORJUDP DQG FDOFXODWLRQ JHQHWLF JHQXLQHQHVV DQG GLVWDQFH
UHSUHVHQWHG WKDW JHQHWLF JHQXLQHQHVV DQG GLVWDQFH RI *XLODN
DQG)DUV SRSXODWLRQV DUH FORVHG WR HDFK RWKHU DQGKDYHPRVW
JHQHWLF LQWHUYDOZLWK RWKHU HWKQLF JURXSV 3 $OVR WKH
UHVXOWV LQGLFDWHG WKDW WKH LQWHJUDWLYH UHODWLRQVKLS EHWZHHQ
SRSXODWLRQ JHQHWLFV DQG IRUHQVLF VFLHQFH SDUDPHWHUV FDQ EH
XVHIXO IRU WKRURXJK JHQHWLF FKDUDFWHUL]DWLRQ RI H[WDQW KXPDQ


















'LDEHWHV PHOOLWXV W\SH  7' LV D FRPPRQ PHWDEROLF
GLVRUGHU UHVXOWLQJ IURP FRPSOH[ LQWHUDFWLRQV EHWZHHQ
HQYLURQPHQW DQG KXPDQ JHQHWLF IDFWRUV ,W QRZ DIIHFWV 
PLOOLRQSHRSOHZRUOGZLGHDQGLWVSUHYDOHQFHLVLQFUHDVLQJDWD
JOREDO OHYHO ZLWK ODUJH YDULDWLRQV IURP RQH SRSXODWLRQ WR
DQRWKHU GHSHQGLQJ RQ WKH HWKQLF RULJLQ DQG OLIH VW\OH ,Q
$OJHULD WKH SUHYDOHQFH RI W\SH  GLDEHWHV LV 
ZZZDQGVG]LQVSV\QWKHVHPRUWDOLWHILQDOSGISGI 7KLV
HUGO J (2011) 5:1–346 303
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KLJKSUHYDOHQFHLVH[SODLQHGE\WKHHSLGHPLRORJLFDOWUDQVLWLRQ
FKDQJH RI OLIHVW\OH DQG HDWLQJ KDELWV ,Q WKLV FRQWH[W WKH
1(3$'1$%1HWVHWXSD1RUWK$IULFDQQHWZRUNWKDWDLPVWR
LGHQWLI\ WKH JHQHWLF EDVLV RI W\SH ,, GLDEHWHV DQG LWV
FRPSOLFDWLRQV DPRQJ 1RUWK $IULFDQ SRSXODWLRQV WKXV
SURYLGLQJ WRROV IRU HDUO\ JHQHWLF WHVWLQJ IRU EHWWHU SUHYHQWLRQ
DQG FDUH 3RSXODWLRQ VWXG\ DQG 0HWKRGV $ WRWDO RI 
LQGLYLGXDOV ROG !  \HDUV FRPSULVLQJ  W\SH  GLDEHWHV
SDWLHQWVPHQDQGZRPHQDQGFRQWUROVPHQ
DQGZRPDQZHUHLQFOXGHGLQWKHSUHVHQWVWXG\)RUHDFK
VXEMHFW DQWKURSRPHWULF YDULDEOHV LQFOXGLQJ KHLJKW ZHLJKW
ZDLVW DQG KLS FLUFXPIHUHQFHV ZHUH PHDVXUHG PHGLFDO
EDFNJURXQG ZDV LQYHVWLJDWHG ORRNLQJ IRU IDPLOLDO KLVWRU\ RI
GLDEHWHV SHUVRQDO KLVWRU\ RI PDOQXWULWLRQ RU REHVLW\ DOFRKRO
DQG VPRNLQJ KDELWV %LRFKHPLFDO 0HDVXUHV %ORRG VDPSOHV
ZHUHFROOHFWHG IURPVXEMHFWV DIWHU DQRYHUQLJKW IDVW IRUK
7KH SODVPDZDV VHSDUDWHG E\ FHQWULIXJDWLRQ DQG IUR]HQ XQWLO
GHWHUPLQDWLRQV 7KH SODVPD JOXFRVH WRWDO FKROHVWHURO +'/
DQG /'/ FKROHVWHURO FRQFHQWUDWLRQV ZHUH PHDVXUHG E\ WKH
HQ]\PDWLF PHWKRG XVLQJ FRPPHUFLDO NLWV %LRPDJKUHE
'HWHUPLQDWLRQ RI JHQHWLF DGPL[WXUH )LYH PO RI EORRG ZDV
FROOHFWHGIRUHDFKVXEMHFW*HQRPLF'1$ZDVH[WUDFWHGIURP
EXII\ FRDWV XVLQJ WKH4,$PS'1$ LVRODWLRQNLW 4,$*(1
DFFRUGLQJ WR WKHVWDQGDUGSURWRFRO*HQRW\SLQJE\5HDO7LPH
$VVD\ 7KH UV *7 LQWURQ  SRO\PRUSKLVP RI
,*)%3 UV LQ &'.$/ &'. UHJXODWRU\ VXEXQLW
DVVRFLDWHGSURWHLQOLNHDQG UV LQ.&1-*OX/\V
(. ZDV JHQRW\SLQJ XVLQJ D 7DT0DQ DVVD\ $SSOLHG
%LRV\VWHPV 6WDWLVWLFDO DQDO\VLV 0HDQV DQG VWDQGDUG
GHYLDWLRQV 6'ZHUH FRPSDUHGE\$129$ WHVW XVLQJ6366
VRIWZDUHYHUVLRQ*HQRW\SHGLVWULEXWLRQVEHWZHHQFDVHV
DQG FRQWUROV ZHUH FRPSDUHG XVLQJ WKH 3HDUVRQµV FKLVTXDUH
WHVW 7KH JHQRW\SH GLVWULEXWLRQV IRU ERWK VLQJOH QXFOHRWLGH
SRO\PRUSKLVPV  UV DQG UVZHUH LQ DFFRUGDQFH
ZLWK WKH+DUG\:HLQEHUJ HTXLOLEULXP S DQGS 
UHVSHFWLYHO\ EXW QRW WKH SRO\PRUSKLVP UV 
S 1RPLQDOO\ VLJQLILFDQW DVVRFLDWLRQV ZHUH REVHUYHG
EHWZHHQ W\SH  GLDEHWHV DQG WKH UV 613 LQ WHVW
+HWHUR]\JRXV 25**YV*7  &,>@
S  DQG WHVW DOOHOH SRVLWLYLW\ 25**YV*777 
&,>@ S  +RZHYHU WKH WZR PDUNHUV
UV 25UV  S  DQG UV
25UV S ZHUHQRWDVVRFLDWHGZLWK7'LQ
ZHVW $OJHULDQ SRSXODWLRQ 9DULDQW ORFDWHG ZLWKLQ WKH JHQH
,*)%3 LV VWURQJO\ DVVRFLDWHGZLWK7' SURYLGLQJ VXSSRUW
WR SUHYLRXV HYLGHQFH LQGLFDWLQJ WKDW SRO\PRUSKLVPV DW WKH
,*)%3 JHQH LQFUHDVH 7' ULVN ,Q FRQWUDVW WKH &'.$/
DQG.&1- SRO\PRUSKLVPV DUH QRW DVVRFLDWHGZLWK 7' LQ
$OJHULDQSRSXODWLRQ*HQHVH[SUHVVHGLQWKHSDQFUHDVLQWHUDFW




















IRXQG WR EH LPSOLFDWHG LQ WKH GLVHDVH SDWKRJHQHVLV SURFHVV
7KXV FKROHVWHURO PHWDEROLVP JHQHV FRXOG EH SODXVLEOH
FDQGLGDWH JHQHV LQ SUHGLVSRVLQJ WR $O]KHLPHU
V GLVHDVH 7KH
DSROLSRSURWHLQ($32($73ELQGLQJFDVVHWWHVXEIDPLO\$
PHPEHU  $%&$ DQG FKROHVWHURO 6K\GUR[\ODVH
&<3$ JHQHV DUH DOO NH\ IDFWRUV LQ FKROHVWHURO
WUDQVSRUWDWLRQ DQG PHWDEROLVP SDWKZD\V DQG KDYH EHHQ
DVVRFLDWHG ZLWK WKH ULVN RI $'  *HQHWLF DVVRFLDWLRQV RI WKH
JHQHV $32( $%&$ DQG &<3$ ZLWK $' KDYH EHHQ
DQDO\]HGE\GLIIHUHQWJURXSVDQGDFURVVPXOWLSOHSRSXODWLRQV
+RZHYHU GXH WR KHWHURJHQHLW\ LQ JHQHWLF FRQVWLWXWLRQV DQG
RWKHU FRQIRXQGLQJ ULVN IDFWRUV WKH UHVHDUFK RXWFRPH RI
DVVRFLDWLRQ VWXGLHV KDV DOZD\V EHHQ FRQWURYHUVLDO DQG
LQFRQFOXVLYH7RFODULI\WKHDVVRFLDWLRQRI$32($%&$DQG
&<3$ ZLWK $' LQ WKH &KLQHVH SRSXODWLRQ FDVHFRQWURO
DVVRFLDWLRQVWXGLHVELRLQIRUPDWLFVGDWDPLQLQJDQGVWDWLVWLFDO
DQDO\VHVZHUHSHUIRUPHG+RQJ.RQJVSRUDGLFDQGODWHRQVHW
$' VXEMHFWV Q   \HDUV  IHPDOHV DQG
 PDOHV DQG DJHPDWFKHG KHDOWK\ FRQWUROV Q 
 \HDUV  IHPDOHV DQG  PDOHV ZHUH
UHFUXLWHG LQ WKLV VWXG\ 6HTXHQRP SODWIRUP ZDV XVHG IRU
JHQRW\SLQJ PRVW JHQHWLF YDULDQWV )XUWKHUPRUH UHVWULFWLRQ
IUDJPHQWOHQJWKSRO\PRUSKLVP5)/3ZDVXVHGIRUJHQRW\SH
$32(JHQHDQG&<3$LQWURQSRO\PRUSKLVP6WDWLVWLFDO
JHQHWLFV DQDO\VHV ZHUH WKHQ SHUIRUPHG WKURXJK VWDQGDUG
VWDWLVWLFDOWHVWV&KLVTXDUH)LVKHU
VH[DFWHWFDQGKDSORW\SH
DQDO\VLV VRIWZDUH SURJUDPV +DSORYLHZ*HYDOW  &RQVLVWHQW
ZLWK SUHYLRXV JHQHWLF VWXGLHV WKH $32( ( DOOHOH ZDV
VLJQLILFDQWO\ DVVRFLDWHGZLWK$' LQ WKH+RQJ.RQJ$'GDWD
VHW 0RUHRYHU VLJQLILFDQW DVVRFLDWLRQV RI $%&$ DQG
&<3$ZLWK$'ZHUHREVHUYHGLQERWKVLQJOHJHQHDQDO\VLV
DQGKDSORW\SLFDVVRFLDWLRQ7KHPRVWLPSRUWDQWILQGLQJVRIWKLV
SURMHFW ZHUH WKH GLVFRYHU\ RI D SRVVLEOH IXQFWLRQDO
SRO\PRUSKLVP UV LQ $%&$ JHQH DQG QHZ
UHJXODWRU\ SURPRWHU VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V
LQ &<3$ )XUWKHUPRUH IXQFWLRQDO VWXG\ RQ &<3$
SURPRWHU 613V VKRZHG WKDW GLIIHUHQW SURPRWHU KDSORW\SHV
FRQWULEXWHG GLIIHUHQWO\ WR UHSRUWHU JHQHV H[SUHVVLRQ WKXV
OLQNLQJ JHQHWLF GLIIHUHQFH ZLWK WKH XQGHUO\LQJ SDWKR
SK\VLRORJLFDO PHFKDQLVP ,Q DGGLWLRQ LQYHVWLJDWLRQ RI
FKROHVWHURO SDWKZD\ JHQHV $32( &<3$ DQG $%&$
YLD ORJLVWLF UHJUHVVLRQPRGHO UHYHDOHG WKDW WKHVH JHQHWLF ULVN
IDFWRUVDVDZKROH LQWHUDFWHGZLWKRQHDQRWKHUDQGPHGLDWHG
WKH ULVN RI GLVHDVH SUHGLVSRVLWLRQ  &RQFOXVLRQV *HQHWLF
DQDO\VHV DQG DVVRFLDWLRQ VWXGLHV SURYLGHG HYLGHQFH WKDW
FKROHVWHURO SDWKZD\ JHQHV $32( &<3$ DQG $%&$
ZHUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK $' LQ WKH &KLQHVH
SRSXODWLRQDQGWKHHIIHFWZDVLQFRPELQDWLRQZLWKWKH$32(
( DOOHOH &RQVLGHULQJ WKH ELRORJLFDO VLJQLILFDQFH RI
FKROHVWHUROPHWDEROLVPWKLVVWXG\ZDVQRWRQO\DPHUHJHQHWLF





















8QGHUVWDQGLQJ WKH HIIHFWV RI JHQHV RQ WKH GHYHORSPHQW RI
FRPSOH[ GLVHDVHV DQG WUDLWV LQ KXPDQV LV D PDMRU DLP RI
JHQHWLF HSLGHPLRORJ\ ,Q SDUWLFXODU LI WKHUH H[LVW VLJQLILFDQW
PDLQHIIHFWVXQDFFRXQWHG IRUGXULQJHSLVWDVLVVFUHHQLQJ IDOVH
SRVLWLYHV DULVH DQG WKHUHIRUH HSLVWDVLV UHVXOWV UHSRUWHG PLJKW




ZLWKRXW FRUUHFWLRQ RI IXQFWLRQDO 613V PDLQ HIIHFWV 7KHLU
UHVXOWV HPSKDVL]HG WKH LPSRUWDQFH RI ORZHURUGHU HIIHFWV
DGMXVWPHQWZKHQ VHDUFKLQJ IRU HSLVWDVLV LQ RUGHU WR NHHS WKH
QXPEHU RI VSXULRXV ILQGLQJV XQGHU FRQWURO +RZHYHU D
WKRURXJK LQYHVWLJDWLRQ RI WKH SRZHU RI0%0'5 WR LGHQWLI\
JHQHJHQH LQWHUDFWLRQV ZLWK GLIIHUHQW VWUDWHJLHV WR DGMXVW IRU
ORZHURUGHUHIIHFWVZKHWKHURUQRWEHLQJSDUWRID IXQFWLRQDO
LQWHUDFWLRQKDVQRW\HW EHHQSHUIRUPHG ,Q WKLV VWXG\ZHXVH
VLPXODWLRQ WR DVVHVV WKH HIIHFW RI LPSOHPHQWLQJ GLIIHUHQW
FRUUHFWLYH PHDVXUHV IRU ORZHURUGHU HIIHFWV LQ DQ 0%0'5
FRQWH[WRIWZRORFXVGHWHFWLRQRQERWKSRZHUDQGIDPLO\ZLVH
HUURU UDWH  7KH LPSOHPHQWHG0%0'5VWUDWHJ\ UHGXFHV WKH
PXOWLORFXV JHQRW\SH GLPHQVLRQ WR RQH ZLWK WKUHH SRVVLEOH
RXWFRPHV ZKLOH SRROLQJ PXOWLORFXV JHQRW\SHV LQWR WKUHH
JURXSV RI ULVN +LJK /RZ DQG 1R (YLGHQFH EDVHG RQ WKH
OLEHUDO SYDOXH WKUHVKROG  :KHQ QR FRUUHFWLRQ IRU PDLQ
HIIHFWVLVSHUIRUPHG WKHRULJLQDO WUDLW LVXVHGDVWKHRXWFRPH
$GMXVWLQJIRUPDLQHIIHFWVLVSHUIRUPHGLQWZRFDWHJRULHV
PDLQ HIIHFWV VFUHHQLQJ SULRU WR0%0'5DQG PDLQ HIIHFW
DGMXVWPHQW GXULQJ 0%0'5 UXQ )RU WKH ILUVW FDWHJRU\
VLJQLILFDQW 613V DUH ILUVW UHJUHVVHG RXW FRUUHVSRQGLQJ
UHVLGXDOV DUH GHULYHG IURP WKH DSSURSULDWH UHJUHVVLRQ PRGHO
DQGDUHVXEVHTXHQWO\DQDO\]HGDVQHZRXWFRPHVIRU0%0'5
DQDO\VLV ZKHUHDV WKH VHFRQG FDWHJRU\ LQYROYHV PDLQ HIIHFWV
DGMXVWPHQW ĴRQWKH IO\µ LH UHJDUGOHVV RI VLJQLILFDQFH ZH
DOZD\V DGMXVW IRUPDLQ HIIHFWV RI  WKH SDLUZH DUH ORRNLQJ DW
ZKHQUXQQLQJ0%0'57ZRH[WUHPHZD\VRIFRUUHFWLQJIRU
PDLQ HIIHFWV DUH LPSOHPHQWHG UHIHUULQJ WR DQ DGGLWLYH RU
JHQRW\SH JHQHWLF PRGHO ,Q DGGLWLRQ 0%0'5 RUGHU LV
SHUIRUPHG WR LGHQWLI\ VLJQLILFDQW 613V DQG WKHVH 613V DUH
DGMXVWHG IRU LQ WKH ZD\ WKHLU ULVN FHOOV ZRXOG KDYH EHHQ
LGHQWLILHG  'DWD DUH VLPXODWHGDFFRUGLQJ WR WZRTXDQWLWDWLYH
WUDLW PRGHOV 0 DQG 0 RI (YDQV HW DO  WKDW
LQFRUSRUDWHYDU\LQJGHJUHHVRIHSLVWDVLVDQGLQFOXGHDUDQJHRI
DOOHOHIUHTXHQFLHVSSH^`DWWKHSUHGHWHUPLQHG
IXQFWLRQDO613V7KH WRWDOJHQHWLFYDULDQFH IRU WKH WZRORFXV
PRGHOLVYDULHGDVDQHOHPHQWRI^`
)RU HDFK SDUDPHWHU VHWWLQJ ZH FRQVLGHU  VLPXODWLRQ
UHSOLFDWHV LQYROYLQJ  XQUHODWHG LQGLYLGXDOV 0%0'5
VFUHHQLQJLVSHUIRUPHGRQ613VZKLFKDUHDVVXPHGWREH
LQ +DUG\:HLQEHUJ (TXLOLEULXP 1R OLQNDJH GLVHTXLOLEULXP
H[LVWV EHWZHHQ WKH 613V ,Q FRQFOXVLRQ SUHOLPLQDU\ UHVXOWV
VKRZHG WKDW LQGHHG XQFRUUHFWHG IRUPDLQ HIIHFWV UHVXOWV KDYH





















&RQYHQWLRQDO FDQGLGDWH JHQH DSSURDFK KDV EHHQ DSSOLHG LQ
VHDUFK IRU JHQHWLF ULVNV IRU WXEHUFXORVLV 7%  FDQGLGDWH
JHQHV ZHUH UHSRUWHG LQ +X*( GDWDEDVH 8QIRUWXQDWHO\
PDMRULW\ RI WKH SURSRVHG JHQHWLF ULVNV DUH QRW UHSOLFDWHG LQ
VHFRQG SRSXODWLRQ H[FHSW WKH YDULDWLRQV ZLWKLQ ,/,)1*
D[LVDQG+/$FODVV,,/LQNDJHDQDO\VHVLGHQWLILHGDJHQRPH
ZLGH VLJQLILFDQFH RQ S DQG VXJJHVWLYH HYLGHQFHV RQ T S
S T T T S T ;T :H GLG RUGHUHG VXEVHW
DQDO\VLVRI7%VLESDLUVDQGLGHQWLILHGDQHIIHFWRIDJHDWRQVHW
RQ OLQNDJH DQDO\VLV RI 7% RQ FKURPRVRPH S DQG S
0DKDVLULPRQJNRO HW DO  5HFHQWO\ D JHQRPHZLGH
DVVRFLDWLRQ VWXG\ *:$6 RI WZR $IULFDQ 7% SRSXODWLRQV
LGHQWLILHGJHQHGHVHUWRQTDVQRYHOFDQGLGDWHORFXVIRU
7% FDXVHG E\ 0\FREDFWHULXP WXEHUFXORVLV EXW 7% *:$6
ZDVQRWVXFFHVVIXOLQLGHQWLI\LQJJHQHWLFIDFWRUVZLWKPRGHUDWH
WR ODUJH HIIHFW VL]HV 7K\H HW DO  7KLV LV D VWULNLQJ
FRQWUDVW IRU D UHODWHG GLVHDVH FDXVHG E\ 0\FREDFWHULXP
/HSUDH /LQNDJH DQDO\VHV 0LUD HW DO  DQG *:$6 LQ
OHSURV\=KDQJHWDOLGHQWLILHGPXOWLSOHJHQHWLFIDFWRUV
ZLWKPRGHUDWHHIIHFWVL]HVLQELRORJLFDOO\UHOHYDQWJHQHVVXFK
DV /7$ 3$5. +/$'5'4 &RUI &&'& DQG
5,3.)RUVHYHUDOFRPPRQLQIHFWLRXVGLVHDVHVVXVFHSWLELOLW\




 613V LQ  UHSRUWHG FDQGLGDWH JHQHV RI WXEHUFXORVLV




FDVHV ZHUH +,9 VHURQHJDWLYH ZKHQ 7% ZDV GLDJQRVHG E\
LGHQWLILFDWLRQRIP\FREDFWHULXP*:$6ZDVGRQHRQVXEVHWV
RIFDVHVVWUDWLILHGEDVHGRQDJHRI7%SDWLHQWV$JHFXWRIIDW
 WR  E\  \HDUV LQWHUYDOVZHUH XVHG WR GLYLGH VXEVHWV RI
FDVHVLQWRWDOVXEVHWVZHUHDQDO\]HG7KHUDQNRIVWDWLVWLFDO








WRS VLQJOH QXFOHRWLGH SRO\PRUSKLVPV 613V 613V ZLWKLQ
+/$&ODVV ,, UHJLRQSURYLGHG VWURQJHU DVVRFLDWLRQV LQ\RXQJ
7%SRSXODWLRQFRPSDUHGWRROG7%SDWLHQWV7KHWRS613VLQ
\RXQJ 7% SDWLHQWV KDYH PRGHUDWH WR ODUJH HIIHFW VL]HV
KRZHYHUWKLVLQLWLDODQDO\VLVKDVQRW\HWSURYLGHGWKHJHQRPH
ZLGH VLJQLILFDQW HYLGHQFH DQGZH QHHG UHSOLFDWLRQ VWXGLHV WR





















0ROHFXODU YDULDQWV RI LQGLYLGXDO FRPSRQHQWV RI WKH UHQLQ
DQJLRWHQVLQ V\VWHP 5$6 DUH UHSRUWHG WR SDUWLFLSDWH WR WKH
LQKHULWHG SUHGLVSRVLWLRQ WR FDUGLRYDVFXODU GLVHDVHV HJ
HVVHQWLDO K\SHUWHQVLRQ RU P\RFDUGLDO LQIDUFWLRQ
3RO\PRUSKLVPVZLWKLQWKHJHQHVHQFRGLQJIRUDQJLRWHQVLQRJHQ
$*7 DQJLRWHQVLQ ,, W\SH  UHFHSWRU $75 DQG
DQJLRWHQVLQFRQYHUWLQJ HQ]\PH $&( ZKLFK KDYH EHHQ
ZLGHO\LQYHVWLJDWHGLQSRSXODWLRQEDVHGVDPSOHVDVZHOODV LQ
FDVHFRQWURO VWXGLHV KDYH EHHQ SURSRVHG DV ULVN IDFWRUV IRU
FRURQDU\ KHDUW GLVHDVH &+' +RZHYHU FRQVLGHULQJ WKH
UHODWLYHO\ ODUJHGLVFUHSDQF\ LQ IUHTXHQF\DQG LPSDFWRI WKHVH
YDULDQWV EHWZHHQ HWKQLF JURXSV DQG SRSXODWLRQV VLPLODU GDWD
IURP$UDE SRSXODWLRQV DUH QHHGIXO EXW OLPLWHG LQ QXPEHU ,Q
VXFK FRQWH[W RXU SXUSRVH ZDV WR HYDOXDWH WKH DVVRFLDWLRQ
EHWZHHQ WKH $*7 07 $75 $& DQG $&( ,'
SRO\PRUSKLVPVDQGLWKHULVNRIP\RFDUGLDOLQIDUFWLRQ0,
DQGLLYDULDWLRQVLQV\VWROLF6%3GLDVWROLF'%3DQGSXOVH
33 EORRG SUHVVXUH YDOXHV &RQFHUQLQJ 0, WKH
SRO\PRUSKLVPVZHUHFKDUDFWHUL]HGLQDFDVHFRQWUROVWXG\
FDVHV YV  DJHPDWFKHG FRQWUROV EDVHG RQ WKH PDOH
SRSXODWLRQRULJLQDWLQJIURP2UDQ$OJHULD7KHDOOHOHVSHFLILF
ROLJRQXFOHRWLGH $62PHWKRGZDVXVHG WR LGHQWLI\ WKH$*7
07 DQG$75 $& SRO\PRUSKLVPV 7KH$&( ,'
SRO\PRUSKLVPZDV GHWHUPLQHG E\ 3RO\PHUDVH FKDLQ UHDFWLRQ
3&57KHDVVRFLDWLRQVZLWKEORRGSUHVVXUHZHUHDVVHVVHGLQ
DQ HQODUJHG FRQWURO JURXS LQFOXGLQJ  PDOH VXEMHFWV 7KH
IUHTXHQFLHV RI WKH UDUH $*7 7 $7& DQG $&( ,
DOOHOHVZHUHHVWLPDWHGWRDQGUHVSHFWLYHO\7KH
DOOHOH IUHTXHQFLHVRI WKH WKUHHSRO\PRUSKLVPVLQ WKH$OJHULDQ
SRSXODWLRQ ZHUH VLPLODU WR WKHVH UHSRUWHG LQ RWKHU $UDE
SRSXODWLRQV+RZHYHUZHQHLWKHU VKRZHG DVVRFLDWLRQVRI WKH
$1* 07 DQG $75 $& SRO\PRUSKLVPV ZLWK
YDULDWLRQV LQ EORRG SUHVVXUH YDOXHV 7KH $&( ,'
SRO\PRUSKLVP QHHGV IXUWKHU LQYHVWLJDWLRQV LQ D ODUJHU VWXG\














'HFLGXDO QDWXUDO NLOOHU 1. FHOOV SOD\ NH\ GHYHORSPHQWDO
UROHVDW WKH IHWRPDWHUQDO LQWHUIDFH1.FHOOVKDYHD VHULHVRI
UHFHSWRUV LQFOXGLQJ WKH .,5V WKH OLJDQGV IRU ZKLFK LQFOXGH
+/$& +/$( DQG +/$* ZKLFK DUH H[SUHVVHG RQ WKH
WURSKREODVWFHOOV ,QGLYLGXDOGLIIHUHQFHV LQ.,5UHSHUWRLUHFDQ
UHVXOW LQ YDULHG 1. FHOO HIIHFWRU IXQFWLRQV DQG .,5+/$
GLYHUVLW\KDVEHHQVKRZQWREHDVVRFLDWHGZLWKWKHGLVRUGHUVRI
SODFHQWDWLRQ OLNH SUHHFODPSVLD DQG UHFXUUHQW PLVFDUULDJH
$PRQJWKHPHPEHUVRI.,5JHQHIDPLO\.,5'/LVXQLTXH
LQ LWV JHQRPLF RUJDQL]DWLRQ H[SUHVVLRQ DQG IXQFWLRQ
.,5'/LVFRQVLGHUHGDIUDPHZRUN.,5JHQHEHLQJSUHVHQW
LQ DOPRVW DOO JHQRPHV )XQFWLRQDOO\ .,5'/ KDV EHHQ
UHSRUWHGWREHDQLQKLELWRU\UHFHSWRUEXWOLJDWLRQRI.,5'/
ZLWK P$E UHVXOWV LQ DFWLYDWLRQ RI ,)1Ȗ VHFUHWLRQ DQG
F\WRWR[LFLW\LQSHULSKHUDO1.FHOOV7KHVHGLIIHUHQWIXQFWLRQDO
DFWLYLWLHV RI .,5'/ DUH FRQVLVWHQW ZLWK WKH IDFW WKDW
.,5'/KDVERWKDQ ,7,0LQ LWVF\WRSODVPLFGRPDLQDQGD
FKDUJHG UHVLGXH LQ WKH WUDQVPHPEUDQH GRPDLQ VXJJHVWLQJ
.,5'/ PD\ PHGLDWH GLIIHUHQW IXQFWLRQV XQGHU GLIIHUHQW
FLUFXPVWDQFHV 7ZR FRPPRQ DOOHOHV RI WKH WUDQVPHPEUDQH
GRPDLQRI.,5'/H[LVW7KH$DOOHOHZLWKDGHQLQHVDW
WKH HQG RI WKH WUDQVPHPEUDQH H[RQ HQFRGHV D IXOO OHQJWK
UHFHSWRUZKHUHDVWKH$DOOHOHKDVRQO\DGHQLQHVUHVXOWLQJLQ
DIUDPHVKLIWZKLFKLQWXUQJHQHUDWHVDVWRSFRGRQHDUO\LQWKH
ILUVW F\WRSODVPLF H[RQ ,W KDV EHHQ VKRZQ WKDW WKH.,5'/
JHQRW\SH LQIOXHQFHV H[SUHVVLRQ DQG IXQFWLRQ LQ 1. FHOOV
(YLGHQFHVVXJJHVWWKDW+/$*LVWKHOLJDQGIRU.,5'/DQG
VLQFH ,)1Ȗ LV DQ LPSRUWDQW PHGLDWRU RI YDVFXODU FKDQJHV
DVVRFLDWHGZLWKSODFHQWDWLRQLQWHUDFWLRQEHWZHHQ.,5'/RQ
G1.FHOOVDQG+/$*RQWURSKREODVWFHOOVPD\EH LPSRUWDQW
IRU SODFHQWDO GHYHORSPHQW 7KH DLPV RI WKLV VWXG\ ZHUH WR
FKDUDFWHUL]H WKH GLVWULEXWLRQ RI .,5'/ DOOHOHV DPRQJ
UHFXUUHQW PLVFDUULDJH 50 SDWLHQWV DQG KHDOWK\ SDURXV
FRQWUROVIURP1RUWK,QGLD'HWDLOHGDQDO\VLVRI.,5'/JHQH




FRGLQJ UHJLRQV DV ZHOO DV WKH H[RQLQWURQ ERXQGDULHV
.,5'/ DOOHOH GLVWULEXWLRQ DPRQJ 1RUWK ,QGLDQ ZRPHQ
H[SHULHQFLQJ 50ZDV FKDUDFWHUL]HG DQG ZDV FRPSDUHG ZLWK
WKDW RI FRQWUROV 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQW LQ DOOHOH
IUHTXHQFLHVRI50SDWLHQWVDQGFRQWUROV$QDO\VLVRI$DQG
$ DOOHOHV DOVR UHYHDOHG IDLUO\ XQLIRUP GLVWULEXWLRQ DPRQJ




306 HUGO J (2011) 5:1–346
123
SRSXODWLRQVXSSRUWWKHYLHZWKDWWKHPDLQWHQDQFHRIWKLVQRQ
H[SUHVVHG JHQRW\SH LV QRW VHOHFWHG DJDLQVW LQ KXPDQV
+RZHYHU LW PXVW EH FRQVLGHUHG WKDW D EHQHILFLDO UROH IRU
.,5'/ LQ SUHJQDQF\ LV VWLOO SRVVLEOH XQGHU FHUWDLQ















7KHJHQHWLF DUFKLWHFWXUHRI RVWHRDUWKULWLV 2$KDVQRW DV\HW
EHHQ IXOO\ FKDUDFWHUL]HG 7R GDWH RQO\ WZR ORFL KDYH EHHQ
UHSURGXFLEO\ DVVRFLDWHG ZLWK NQHH 2$ LQ (XURSHDQV DW
JHQRPHZLGHVLJQLILFDQFHOHYHOVUVLQWKH*')JHQH
DQG UV RQ FKUT 3KHQRW\SH GHILQLWLRQ KDV EHHQ
SURSRVHGDVD OLNHO\ IDFWRU IRU WKHSDXFLW\RI UREXVW ILQGLQJV
+HUH ZH XVH DUF2*(1 JHQRPHZLGH DVVRFLDWLRQ VFDQ
*:$6GDWDFRPSULVLQJNQHH2$FDVHVWRH[SORUHWKH
HIIHFW RI GLIIHUHQW SKHQRW\SH GHILQLWLRQV RQ VLJQDO GHWHFWLRQ
2$FDVHVZHUHDVFHUWDLQHGEDVHGRQ;UD\HYLGHQFHRIGLVHDVH
.HOOJUHQ/DZUHQFHJUDGHRU FOLQLFDOHYLGHQFHRIGLVHDVH
WR D OHYHO UHTXLULQJ WRWDO MRLQW UHSODFHPHQW 7-5 DQG ZHUH
JHQRW\SHGRQWKH,OOXPLQD+XPDQSODWIRUP:HSHUIRUPHG
DQDO\VHV XVLQJ WZR W\SHV RI FRQWUROV SRSXODWLRQEDVHG
FRQWUROV Q  IHPDOH Q  DQG 2$IUHH FRQWUROV
IHPDOHV RQO\ Q  7R HQDEOH GLUHFW FRPSDULVRQ ZH
IRFXVHGRQ WKH IHPDOHVXEVHWVRIFDVHVDQGFRQWUROV:HILQG
WKDW HYLGHQFH IRU DVVRFLDWLRQ ZLWK WKH *') SUR[\ 613
UV U VTXDUHG  ZLWK UV ZDV VWURQJHU
ZKHQ IHPDOH NQHH 2$ FDVHV Q  ZHUH DQDO\]HG XVLQJ
2$IUHH 25  >@ S  FRPSDUHG WR
SRSXODWLRQEDVHG 25  >@ S  FRQWUROV
7KH VDPH SDWWHUQZDV REVHUYHG IRU WKH FKU ORFXV 25 
>@ S  IRU 2$IUHH FRQWUROV FRPSDUHG WR
25  >@ S  IRU SRSXODWLRQEDVHG
FRQWUROV1RWDEO\ZKHQ WKH IXOO VHWRINQHH2$FDVHV
DQG  SRSXODWLRQEDVHG FRQWUROV ZHUH DQDO\VHG WKH
VLJQDO DW FKU EHFDPH VWURQJHU 25  >@
S :HDOVRLQYHVWLJDWHGWKHHIIHFWRIFDVHSKHQRW\SH
GHILQLWLRQ E\ FRPSDULQJ WKH UHVXOWV RI DQDO\VHV XVLQJ NQHH
7-5RQO\FDVHV VHYHUH HQGSRLQWRI GLVHDVH Q  DQG DOO
NQHH2$FDVHVFRPELQHG7-5DQG;UD\Q YHUVXVWKH
IXOO VHW RI  SRSXODWLRQEDVHG FRQWUROV :H REVHUYH
VLPLODU SDWWHUQV RI D ODFN RI DVVRFLDWLRQ LQ WKH VLJQDO IRU WKH
*') ORFXV 25  >@ S  IRU 7-5RQO\
25  >@ S  IRU DOO NQHH 2$ FDVHV
)RFXVLQJ WKHSKHQRW\SHRQ7-5GLGQRWGHFUHDVH WKHVWUHQJWK
RI DVVRFLDWLRQZLWK WKH FKU 613 GHVSLWH WKH VPDOOHU VDPSOH
VL]H 25  >@ S  IRU 7-5RQO\ YHUVXV
25  >@ S  IRU DOO NQHH2$FDVHV:H
FRQFOXGH WKDW IRU D KLJKO\ SUHYDOHQW DQG KHWHURJHQHRXV
GLVRUGHUOLNH2$ZKHUHPXOWLSOHORFLFRQIHUULQJVPDOOHIIHFWV
DSSHDU WR FRQWULEXWH WR RYHUDOO VXVFHSWLELOLW\ LPSURYHG
GHILQLWLRQRISKHQRW\SHDSSHDUVWREHLPSRUWDQWIRUERWKFDVHV
DQG FRQWUROV +RZHYHU WKH DSSURDFK RI PD[LPL]LQJ VDPSOH



















3RSXODWLRQ JHQHWLFV DQG IRUHQVLF ELRORJ\ DUH OLQNHG WRJHWKHU
LQH[WULFDEO\$XWRVRPDOVKRUWWDQGHPUHSHDWV675VDUHK\SHU
YDULDEOH PDUNHUV WKDW FDQ SURYLGH WKH EHWWHU XQGHUVWDQGLQJ
QHHGHG WR GHWHUPLQH UHODWLRQVKLSV DPRQJ FORVHO\ UHODWHG
SRSXODWLRQV LQ HYROXWLRQDU\ KLVWRU\ DQG SURYLGH WKH DOOHOLF
GLVWULEXWLRQV XVHG LQ IRUHQVLF FDOFXODWLRQV DW WKH VDPH WLPH
7KH REMHFWLYH RI WKLV VWXG\ ZDV LQYHVWLJDWHG JHQHWLFDOO\
FKDUDFWHUL]H DQG GLVWULEXWH WKH WHQ 675V DOOHOH IUHTXHQFLHV
'6'6'6'6'6'6
'6 732;  7+2 	 Y:$ RI  ,UDQLDQ XQUHODWHG
KHDOWK\GRQRUVZRPDQDQGPDQOLYLQJLQGLIIHUHQWUHJLRQVRI
$]DUED\MDQ DQG 6LVWDQ 	 %DOXFKHVWDQ SURYLQFH 7KH 3&5
DPSOLILFDWLRQZDVFDUULHGRXWLQILQDOYROXPHRIOZLWKWKH
VSHFLDODQQHDOLQJWHPSHUDWXUHIRUDSDLURISULPHUZLWKRXWWKH
H[WHQVLRQ WLPH 7KH 3&5 SURGXFWV ZHUH VHSDUDWHG E\
HOHFWURSKRUHVLV RQ GHQDWXULQJ  SRO\DFU\ODPLGH JHO XVLQJ
WKH *HO 6HTXHQFLQJ 6\VWHP RI WKH %LR5$' FRPSDQ\ 7KH
3RS*HQ DQG 3RZHU 6WDWV Y VRIWZDUH ZDV XVHG IRU
LQYHVWLJDWLRQRISRSXODWLRQDQGIRUHQVLFSDUDPHWHUV7KHPRVW
DQG OHDVW DOOHOHV ZHUH REVHUYHG LQ '6  DOOHOHV DQG
732;PDUNHUVDOOHOHVDQG'6DOOHOHVDQG732;
PDUNHUV  DOOHOHV DW WKH 7XUN DQG 6LVWDQ SRSXODWLRQ
UHVSHFWLYHO\ 7KH KHWHUR]\JRWH FRQWHQW ZDV GLIIHUHQW IURP
   7+2 WR    '6 DQG
   732; WR    '6 IRU
7XUNDQG6LVWDQSRSXODWLRQUHVSHFWLYHO\'HYLDWLRQIURP+DUG\
:HLQEHUJ HTXLOLEULXP ZDV VHHQ LQ WKH ORFXV RI Y:$
3  DQG 732; 3   7KLV GHFUHDVH LQ
HTXLOLEULXP ZDV HOLPLQDWHG XQGHU WKH %RQIIHUURQL FRUUHFWLRQ
3%DVHGXSRQWKHDOOHOLFIUHTXHQFLHVVHYHUDOLPSRUWDQW
IRUHQVLF SDUDPHWHUV ZHUH FDOFXODWHG 7KH 3RO\PRUSKLF ,QGH[





7XUN DQG 6LVWDQ SRSXODWLRQ UHVSHFWLYHO\ 7KH 3DWHUQLW\ ,QGH[
IURPZHUH YDULDEOH IURP 7+2 WR  '6 DQG
 732; WR  '6 DW WKH 7XUN DQG 6LVWDQ
SRSXODWLRQUHVSHFWLYHO\WKDWLVLQGLFDWLYHJRRGLQIRUPDWLRQIRU
DOORIWKH675V7KHUHVXOWVVKRZHGWKDWWKH'6ORFXVZDV
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PRUH HIIHFWLYHPDUNHU WR LQYHVWLJDWH ,UDQLDQ 7XUN DQG 6LVWDQ
HWKQLFV SRSXODWLRQ DQG PLFURVDWHOOLWH PDUNHUV DUH XVHIXO IRU
LGHQWLILFDWLRQ SDWHUQDO WUDLWV WHVW DQG SRSXODWLRQ JHQHWLF
VWXGLHV $OVR WKH UHVXOWV LQGLFDWHG WKDW WKH LQWHJUDWLYH
UHODWLRQVKLSEHWZHHQSRSXODWLRQJHQHWLFVDQG IRUHQVLFVFLHQFH











,Q P\ VWXG\ , WULHG WR LQFUHDVH WKH XQGHUVWDQGLQJ LQ WKH
PDLQWHQDQFH RI WKH 0DMRU +LVWRFRPSDWLELOLW\ &RPSOH[
0+& DOVR FDOOHG WKH +XPDQ /HXNRF\WH $QWLJHQ +/$
GLYHUVLW\DQGSRVVLEO\PRUHLPSRUWDQWO\LQYDULDWLRQWKHUHRILQ
YDULRXVKXPDQSRSXODWLRQV7KH0+&LVDNH\FRPSRQHQWRI
WKH LPPXQH V\VWHP RI YHUWHEUDWH DV LW LV UHVSRQVLEOH IRU WKH





VHYHUDO OLQHVRIHYLGHQFHVXJJHVWLQJ WKDW WKHJHQHWLFGLYHUVLW\
DW WKLV JHQH FRPSOH[ PLJKW EH GULYHQ DQG PDLQWDLQHG E\
3DWKRJHQ'ULYHQ%DODQFLQJ6HOHFWLRQ$SUHGLFWLRQXQGHUWKLV
K\SRWKHVLV LV WKDW SRSXODWLRQV H[SRVHG WR D ZLGHU YDULHW\ RI
GLVHDVHV VKRXOG EH FKDUDFWHUL]HG E\ KLJKHU GLYHUVLW\ DW WKHLU
0+& JHQHV  0\ SURMHFW EHJLQV E\ LQYHVWLJDWLQJ WKH
JHRJUDSKLF DSSRUWLRQPHQW RI WKH 0+& FODVV , DQG FODVV ,,
JHQHWLFGLYHUVLW\LQUHODWLRQWRERWKGHPRJUDSK\DQGVHOHFWLRQ
,W DOVR LQYROYHV VHDUFKLQJ IRU LQGLYLGXDO JHRJUDSKLF
DVVRFLDWLRQV EHWZHHQ VSHFLILF DOOHOHV DQG VLQJOH SDWKRJHQV WR
VKRZ WKDW FHUWDLQ 0+& DOOHOHV SURYLGH LQFUHDVHG UHVLVWDQFH
DJDLQVW VLQJOH SDWKRJHQV  0\ VWXG\ LQGLFDWHV WKDW WKH
JHRJUDSKLFDSSRUWLRQPHQWRI0+&GLYHUVLW\LVWKHSURGXFWRI
ERWK SDVW GHPRJUDSK\ DQG FRPSOH[ VHOHFWLYH SUHVVXUHV 0\
ZRUNKLJKOLJKWV WKH FRPSOH[LW\RI WKH VHOHFWLYHSURFHVVZLWK
WKH OLNHO\ LQYROYHPHQW RI FRHYROXWLRQ ZLWK .,5 JHQHV DQG
PDUNHGGLIIHUHQFHVEHWZHHQGLIIHUHQWFODVVHVRIJHQHV ,WDOVR
FRQILUPVWKDW WKHGRPLQDQW ORFDOL]HGSDWKRJHQVGHWHUPLQHWKH
IUHTXHQFLHV RI WKH DOOHOHV LQ WKHLU UHJLRQV DQG WKXV WKH
IUHTXHQFLHV RI DOOHOHV YDU\ EHWZHHQ GLIIHUHQW JHRJUDSKLFDO
UHJLRQV ZLWK FHUWDLQ 0+& DOOHOHV SURYLGLQJ LQFUHDVHG
UHVLVWDQFHDJDLQVWVLQJOHSDWKRJHQV)LQDOO\ LWSURYLGHVDILUVW

















RI PXWDWLRQV LQ PLWRFKRQGULDO '1$ PW'1$ SOD\V WKH
SDUDPRXQW IXQFWLRQ LQ WKH FHOOXODU SDWKRORJ\RI DJLQJ DQG LQ
GHYHORSPHQW RI DJHUHODWHGGHJHQHUDWLYH DLOPHQWV VXJJHVWLQJ
WKDW PLWRFKRQGULD PLJKW EH WKH ELRORJLFDO FORFN LQ DJLQJ
0LWRFKRQGULDO '1$ DOWHUDWLRQV KDYH EHHQ VXJJHVWHG DV D
SRWHQWLDOO\ VHQVLWLYH DQG VSHFLILF ELRPDUNHU IRU SUHPDWXUH









DV IURP KLV IDPLO\ PHPEHUV DIWHU UHFHLYLQJ WKH LQIRUPHG
ZULWWHQFRQVHQWLQDSUHVFULEHGIRUP6KRUWIDPLO\KLVWRU\ZDV
DOVR FROOHFWHG 7KH VDPSOH W\SHV ZHUH FRQVLGHUHG  PO RI
EORRG 3&5 DPSOLILFDWLRQ RIPW'1$'ORRSZDV SHUIRUPHG
GLUHFW VHTXHQFLQJ ZDV FDUULHG RXW ZLWK $%, *HQHWLF
$QDO\]HUDQGWKHVHTXHQFHVZHUHHGLWHGDVUHTXLUHGXVLQJWKH
6HTXHQFH$QDO\VLV VRIWZDUHY7KHHGLWHG VHTXHQFHVZHUH
DOLJQHG ZLWK WKH UHYLVHG &DPEULGJH 5HIHUHQFH 6HTXHQFH
U&56XVLQJ$XWRDVVHPEOHUVRIWZDUHIRULGHQWLILFDWLRQRIWKH
PXWDWLRQVSRO\PRUSKLVPV 7KH YDULDQWVZHUH FKHFNHG IXUWKHU
LQ WKH ZRUOG SRSXODWLRQ IURP WKH PLWRFKRQGULDO JHQRPH
GDWDEDVH 0LWRPDS ZZZPLWRPDSRUJ 7KH IXQFWLRQDO
LPSOLFDWLRQV ZHUH H[DPLQHG XVLQJ 0LWRDQDO\]HU
ZZZJHQSDWXXVHPW'% :H LGHQWLILHG WKDW WKH SURJHURLG
SDWLHQW DQG KLV IDPLO\ PHPEHUV PDWHUQDO OLQHDJH EHDUHG
KDSORW\SH0H 0RWLI2YHUDOO






& LQV DQG  * LQV ZHUH LGHQWLILHG RQO\ LQ QRQFRGLQJ
UHJLRQ RI SRJHULD FDVH 2XU XOWLPDWH JRDO LV WR VWXG\
PLWRFKRQGULDO'1$PXWDWLRQVEHOLHYHG WREH DVVRFLDWHGZLWK
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7KHPLFURVRPDOHSR[LGHK\GURODVHLVDSKDVH,HQ]\PHRIWKH
ELRWUDQVIRUPDWLRQ 7KDW KXPDQ (3+; JHQH OLHV RQ
&KURPRVRPHT DQG H[KLELWV3RO\PRUSKLVP7ZR VLQJOH
QXFOHRWLGHSRO\PRUSKLVPV613VKDYHEHHQGHVFULEHG LQ WKH




EHORQJV WR  GLIIHUHQW SRSXODWLRQV ZHUH VFUHHQHG IRU WKH
JHQRW\SHV XVLQJ7DT0DQ DOOHOLF GLVFULPLQDWLRQ$OO WKH WKUHH
613VZHUHSRO\PRUSKLFZLWKPLQRUDOOHOHIUHTXHQF\RI
 DQG  UHVSHFWLYHO\ IRU UV UV DQG
UV1RQHRIWKHSRO\PRUSKLFVLWHGHYLDWHGIURP+DUG\
:HLQEHUJHTXLOLEULXP)URPWKHWKUHHSRO\PRUSKLVPVVWXGLHG
WZR ZHUH LQ VWURQJ OLQNDJH GLVHTXLOLEULXP DQG IRUP 
KDSORW\SHEORFN*UHDWHUDOOHOLFGLYHUVLW\ OHDGLQJ WRZHDN/'
EHWZHHQWKHPDUNHUVDFURVVWKH(3+;UHJLRQDQGSURYLGHWKH
JUHDWHVW SRVVLEOH DGYDQWDJH WR WKH RUJDQLVP 7KLV LV WKH ILUVW





















WR[LF LQKDODQWV GXULQJ WKH ,UDT ,UDQZDU ±7KHVH
VXUYLYRUV VXIIHU IURP ODWH HIIHFW RI WKLV ZDUIDUH LQFOXGLQJ
RSKWKDOPLFFXWDQHRXVDQGUHVSLUDWRU\VHTXHOV5HFHQWVXUYH\V
KDYH LQGLFDWHG WKDW EURQFKLROLWLV REOLWHUDQV %2 LV WKH PDLQ
ODWH UHVSLUDWRU\ FRPSODLQW RI WKHVH SDWLHQWV EXW WKH %2
REVHUYHG LQ WKHVH SDWLHQWV LV VRPHKRZ GLIIHUHQW IURP %2
UHVXOWHG IURP RWKHU FDXVHV 7UDQVIRUPLQJ JURZWK IDFWRU EHWD
7*)ȕ LV D PXOWLIXQFWLRQDO F\WRNLQH WKDW FRQWUROV GLIIHUHQW
VHWVRISURFHVVHV LQFOXGLQJ WLVVXH UHPRGHOLQJDQGUHSDLUFHOO
DSRSWRVLV DQG VXUYLYDO H[WUDFHOOXODU PDWUL[ SURGXFWLRQ DQG
LQIODPPDWLRQ 7KUHH VWUXFWXUDOO\ VLPLODU LVRIRUPV RI 7*)ȕ
7*)ȕ ȕ DQG ȕ HQFRGHG E\  GLVWLQFW JHQHV KDYH
EHHQ LGHQWLILHG LQPDPPDOLDQVSHFLHV7*)ȕ LVSURGXFHGE\
OXQJ HSLWKHOLXP ILEUREODVWV DQG VPRRWK PXVFOH FHOOV DQG
FRQWULEXWHV WRDLUZD\ UHPRGHOLQJ LQ FKURQLF OXQJGLVHDVHV ,Q
YLHZRI7*)ȕ SURSHUWLHVZH DVVXPHG WKDW 7*)ȕPLJKW EH
UHVSRQVLEOH IRU DLUZD\ UHPRGHOLQJ KRPHRVWDVLV DQG VORZ
SURJUHVVLRQRIUHVSLUDWRU\GLVHDVHLQFKHPLFDOLQMXUHGSDWLHQWV
)RXUWHHQKHDOWK\YROXQWHHUVDQGSDWLHQWVVXIIHULQJIURPODWH
HIIHFWV RI H[SRVXUH WR FKHPLFDO JDVHV ZHUH LQFOXGHG LQ WKH
VWXG\3DWLHQWVJURXSKDGVKRZQV\PSWRPVRI%2DQGELRSV\
VDPSOHV WDNHQ E\ EURQFKRVFRS\$OO SDWLHQWVZHUHPDOHZLWK
WKHDJHUDQJHRIWR\HDUV7KHELRSVLHVZHUHVQDSIUR]HQ
LQ OLTXLG QLWURJHQ DQG VWRUHG DW íƕ& XQWLO51$ H[WUDFWLRQ
7RWDO51$ZDVLVRODWHGIURPIUR]HQVSHFLPHQVXVLQJWKHKLJK
SXUH 51$ WLVVXH NLW 5RFKH *HUPDQ\ DFFRUGLQJ WR WKH
PDQXIDFWXUHUµV LQVWUXFWLRQV %ULHIO\ OXQJ ELRSVLHV ZHUH
KRPRJHQL]HG O\VLV EXIIHU ZDV DGGHG DQG FHQWULIXJHG WRWDO
51$ ZDV SUHFLSLWDWHG E\ DEVROXWH HWKDQRO LQFXEDWHG ZLWK
'1DVH DQG FHQWULIXJHG ILQDOO\ WRWDO 51$ ZDV ZDVKHG E\
ZDVK EXIIHU DQG ZDV HOXWHG E\ GLVWLOOHG ZDWHU 7KH SXULILHG
51$ ZDV XVHG IRU ILUVWVWUDQG F'1$ V\QWKHVLV XVLQJ ILUVW
VWUDQG F'1$ V\QWKHVLV NLW &LQQDJHQH ,UDQ E\ ROLJR G7
SULPHU0:**HUPDQ\LQDȝ/UHDFWLRQDFFRUGLQJWRWKH
PDQXIDFWXUHUµVLQVWUXFWLRQV7KHDPSOLILFDWLRQRIWKHJHQHVRI
LQWHUHVW ZDV SHUIRUPHG LQ ȝ/ UHDFWLRQPL[WXUH FRQWDLQLQJ
P07ULV+&O S+ P0.&O P00J&O 
ȝ/ RI ILUVWVWUDQG F'1$  8 RI UHFRPELQDQW 7DT '1$
SRO\PHUDVH &LQDJHQH  ȝ0 RI HDFK GHR[\QXFOHRVLGH
WULSKRVSKDWH DQG  ȝ0 RI HDFK SULPHU 3&5ZDV SHUIRUPHG
XQGHU VLPLODU FRQGLWLRQV IRU VHOHFWHG JHQHV DQG WKH LQWHUQDO
FRQWURO  7KH H[SUHVVLRQ OHYHO RI JHQH ZDV TXDQWLILHG
DFFRUGLQJ WR WKH EDQG LQWHQVLW\ RQ DJDURVH JHO VWDLQHG ZLWK
HWKLGLXPEURPLGHZDVPHDVXUHG XVLQJ89,WHF VRIWZDUH7KH
LGHQWLW\ RI 3&5 SURGXFWV ZHUH FRQILUPHG E\ UHVWULFWLRQ
HQ]\PH GLJHVWLRQ DQG DOVR E\ VHTXHQFLQJ 5(68/76 7KH
UHVXOWV LQGLFDWHG WKDW WKDW OHYHOV RI 7*)ȕ DQG 7*)ȕ
P51$V ZHUH VLJQLILFDQWO\ KLJKHU LQ FKHPLFDO JDV±LQMXUHG
SDWLHQWV WKDQ QRQLQMXUHG JURXS 3   7KHUHIRUH WKH
DXWKRUV VSHFXODWH WKDW 7*)ȕ DQG 7*)ȕ EXW QRW 7*)ȕ
VHFUHWLRQ LV D UHVXOW RI HIILFLHQW HIIHURF\WRVLV LQ FKHPLFDOO\
LQMXUHGSDWLHQWVSOD\LQJDSURWHFWLYHUROHE\LPSURYLQJDLUZD\















%HLQJ UHODWLYHO\ UDUH ZRUOGZLGH JDOOEODGGHU FDQFHU *%&
VKRZV KLJKHVW LQFLGHQFH DQG PRUWDOLW\ UDWHV LQ SDUWV RI
1RUWKHUQ ,QGLD$SDUW IURPJDOOVWRQHV EHLQJ WKH SUHGRPLQDQW
ULVNIDFWRU WKHSUHFLVHHWLRORJ\RI*%&LVSRRUO\XQGHUVWRRG
6LQFHDFRPSOH[GLVHDVHOLNHFDQFHUW\SLFDOO\RFFXUVWKURXJKD
PXOWLIDFWRULDO LQWHUSOD\ EHWZHHQ PDQ\ JHQHWLF DQG
HQYLURQPHQWDO IDFWRUV WKH HIIHFW RI HDFK LQGLYLGXDO 613 LV
XQOLNHO\ WR EH VXEVWDQWLDO ,GHQWLILFDWLRQ RI ULVN VHWV RI
SRO\PRUSKLVPV FRQWULEXWLQJ WR WKH GLVHDVH ZLOO DVVLVW LQ
GHWHUPLQLQJLQGLYLGXDOVDWULVNIRUWKHGLVHDVH3UHYLRXVVWXGLHV
KDYHKLJKOLJKWHGWKHELRORJLFDOUHOHYDQFHRILQIODPPDWRU\DQG
FKROHVWHUROPHWDEROL]LQJ SDWKZD\ WR*%& ULVN ,Q WKLV VWXG\
ZHDSSOLHGDSDWKZD\EDVHGJHQRW\SLQJDSSURDFKWRDVVHVVWKH
FRPELQHGHIIHFWVRIDSDQHORISRO\PRUSKLVPVLQLQIODPPDWRU\
SDWKZD\ DQG FKROHVWHURO PHWDEROL]LQJ JHQHV ZLWK *%& ULVN
0HWKRGV ,Q WKH SUHVHQW FDVHFRQWURO VWXG\ ZLWK  *%&
SDWLHQWVDQGFRQWUROVZHDSSOLHGDPXOWLJHQLFDSSURDFKWR
H[DPLQH WKH DVVRFLDWLRQ RI D FRPSUHKHQVLYH SDQHO RI 
HUGO J (2011) 5:1–346 309
123
VHOHFWHG SRO\PRUSKLVPV LQ LQIODPPDWRU\ SDWKZD\ >37*6 
*!$ *!&DQG ([7!&7/5  WR 
GHO7/57KU,OH&5([RQ$!*DQG,QWURQ
SDWKZD\ JHQHV >&<3$ $!& DQG 7!&
+0*&5 $!& $%&* $VS+LV@ ZLWK *%& ULVN
2GGV UDWLR 25 DQG  FRQILGHQFH LQWHUYDO &, ZHUH
FDOFXODWHG LQPXOWLYDULDEOH ORJLVWLF UHJUHVVLRQDQDO\VLV IRU WKH
DVVRFLDWLRQ RI LQGLYLGXDO 613VZLWK*%&:H SHUIRUPHG DQ
H[SORUDWRU\ FRUUHODWLRQ DQG UHJUHVVLRQ WUHH DQDO\VLV &$57
DQGJUDGHRIPHPEHUVKLSDQDO\VLV*R0DQDO\VLVWRHOXFLGDWH
KLJKRUGHUJHQHJHQHLQWHUDFWLRQVDPRQJWKHLQIODPPDWRU\DQG
FKROHVWHURO PHWDEROL]LQJ SDWKZD\ JHQH SRO\PRUSKLVPV LQ
PRGLI\LQJWKHULVNIRU*%&5HVXOWV,QGLYLGXDOO\PRVWRIWKH
VWXGLHGSRO\PRUSKLVPVH[KLELWHGVWDWLVWLFDOO\VLJQLILFDQWPDLQ
HIIHFWV :H IRXQG D VLJQLILFDQW JHQHGRVDJH HIIHFW IRU
LQFUHDVLQJ QXPEHUV RI SRWHQWLDO KLJKULVN DOOHOHV LQ
LQIODPPDWRU\ SDWKZD\ DQG ERWK SDWKZD\V FRPELQHG )RU WKH
LQIODPPDWRU\SDWKZD\FRPSDUHGZLWK WKH UHIHUHQWJURXS
DGYHUVHDOOHOHVLQGLYLGXDOVZLWK!YDULDQWDOOHOHV>25 
&,  KDG LQFUHDVLQJO\ HOHYDWHG ULVNV RI *%&
3WUHQG (DFKDGGLWLRQDODGYHUVHDOOHOHZDVDVVRFLDWHG
ZLWK D IROG LQFUHDVH LQ ULVN &,  )RU WKH
FRPELQHG DQDO\VLV RI LQIODPPDWRU\ SDWKZD\ DQG FKROHVWHURO
PHWDEROL]LQJSDWKZD\613VFRPSDUHGZLWKWKHUHIHUHQWJURXS
 DGYHUVH DOOHOHV WKH 25V IRU LQGLYLGXDOV ZLWK !
DGYHUVH DOOHOHV ZDV  &,  3WUHQG 7KH
&$57 DQDO\VLV UHYHDOHG 37*6 *!$ DQG $%&*
$VS+LV SRO\PRUSKLVPV DV WKH EHVW SRO\PRUSKLF VLJQDWXUH
IRU GLVFULPLQDWLQJ EHWZHHQ FDVHV DQG FRQWUROV ,Q WKH *R0
DQDO\VLV WKH GDWD ZDV FDWHJRUL]HG LQWR VL[ VHWV UHSUHVHQWLQJ
ULVNIRU*%&ZLWKUHVSHFWWRWKHLQYHVWLJDWHGSRO\PRUSKLVPV
6HWV , ,,DQG ,,,GHVFULEHG ORZLQWULQVLF ULVNFKDUDFWHUL]HGE\
PXOWLSOHSURWHFWLYHDOOHOHVZKLOHVHWV,99DQG9,UHSUHVHQWHG
KLJK LQWULQVLF ULVN JURXSV FKDUDFWHUL]HG E\ WKH SUHVHQFH RI
PXOWLSOH ULVN DOOHOHV7KLV LV WKH ILUVW FRPSUHKHQVLYH VWXG\ WR
XVH DPXOWLJHQLF DQDO\VLV IRU*%& DQG WKHGDWD VXJJHVW WKDW


























$ UHFHQW JHQRPHZLGH VFDQ RI RYHU  LQGLYLGXDOV RI
(XURSHDQDQFHVWU\ LGHQWLILHGJHQHWLF ORFL WRDVVRFLDWHZLWK
SODVPD OHYHOV RI FKROHVWHURO 7& ORZGHQVLW\ OLSRSURWHLQ
FKROHVWHURO /'/& KLJKGHQVLW\ OLSRSURWHLQ FKROHVWHURO
+'/& RU WULJO\FHULGHV 7* WKXV SURYLGLQJ EURDGHU
ELRORJLFDO XQGHUVWDQGLQJ RI OLSLG DQG OLSRSURWHLQ PHWDEROLVP
DQG WKH SRWHQWLDO SDWKZD\V OHDGLQJ WR WKH GHYHORSPHQW RI
FRURQDU\ DUWHU\ GLVHDVH +RZHYHU WKHVH OLSLG PHDVXUHV DUH
KHWHURJHQHRXVEHLQJFRPSRVLWHVRIVXEFODVVSDUWLFOHVWKDWYDU\
LQ VL]H OLSLG FRPSRVLWLRQ DQG PHWDEROLF LQWHUDFWLRQV $V
FRQFHQWUDWLRQV RI OLSRSURWHLQ VXEFODVVHV DUH OLNHO\ WR UHIOHFW
PRUHDFFXUDWHO\WKHYDULRXVPHWDEROLFSKHQRPHQDDQGWKHULVN
IRUYDULRXVYDVFXODURXWFRPHVZHFKDUDFWHUL]HGWKHPHWDEROLF
SDWKZD\V XQGHUO\LQJ WKH  NQRZQ SODVPD OLSLG ORFL DW WKH
OLSRSURWHLQVXEFODVVOHYHO$SSO\LQJWKHODWHVWKLJKWKURXJKSXW
105 PHWDERQRPLFV SODWIRUP WKH VHUXP PHWDERQRPHV
FRPSULVLQJRIDEURDGTXDQWLWDWLYHOLSRSURWHLQVXEFODVVSURILOH
FRPSOHPHQWHG ZLWK WHQV RI RWKHU PHWDEROLF PHDVXUHV ZHUH
GHWHUPLQHG IRU RYHU  LQGLYLGXDOV IURP ILYH SRSXODWLRQ
EDVHG )LQQLVK FRKRUWV &RPELQHG ZLWK WKH JHQRPHZLGH
SURILOHV RI JHQHWLF YDULDWLRQ LQ WKH VDPH LQGLYLGXDOV WKLV
LQIRUPDWLRQ UHSUHVHQWV D SRZHUIXO UHVRXUFH IRU ODUJHVFDOH
LQYHVWLJDWLRQ RI WKH PROHFXODU OHYHO YDULDELOLW\ RI WKH JHQH
IXQFWLRQV0DQ\RI WKH OLSLG JHQHV KDG XQLTXH HIIHFWV RQ WKH
OLSRSURWHLQVXEFODVVHV)RUH[DPSOHWKUHHQHZO\YHULILHG+'/
JHQHV 3335% *$/17 DQG 77&% DOO VKRZ
UHPDUNDEOH GLIIHUHQFHV LQ WKHLU DVVRFLDWLRQV WR +'/
VXEFODVVHV7KHIXQFWLRQDOLW\RI3/73LQPRGXODWLQJ+'/VL]H
LVFOHDUO\VKRZQLQ LWVDVVRFLDWLRQSURILOH WR+'/SDUWLFOHVDV




*&.5 DVVRFLDWHV ZLWK WKH FRQFHQWUDWLRQ RI DODQLQH S  
DQGEUDQFKHGFKDLQDPLQRDFLGVS 
IRU LVROHXFLQH ZKLFK VXJJHVW LWV LQYROYHPHQW LQ HQHUJ\
PHWDEROLVP EH\RQG JOXFRVH DQG OLSLGV 6XJJHVWLYH HYLGHQFH
DULVHVIRUDQDVVRFLDWLRQEHWZHHQ3335%DQG*$/17DQG
NHWRQH ERGLHV S    DQG S    IRU
DFHWRDFHWDWH UHVSHFWLYHO\ 7KHVH UHVXOWV DOVR VXJJHVW WKDW
GHWDLOHG SKHQRW\SLQJZLOO KHOS WR LQGHQWLI\ IXQFWLRQV RI QHZ
\HWXQFKDUDFWHUL]HGJHQHV$OOLQDOOWKLVVWXG\XQGHUOLQHVWKH
YDOXH RI GHHSHU DQGPRUH FRPSUHKHQVLYHPHWDEROLF SURILOLQJ
HQDEOHGE\WKHFRVWHIIHFWLYH105PHWDERQRPLFVSODWIRUPDV













2YHU WKH ODVW IHZ \HDUV LW KDV EHFRPH FOHDU WKDW WKH RXWSXW
SRWHQWLDODULVLQJIURPPDLQHIIHFWJHQHWLFDVVRFLDWLRQDQDO\VHV
LV UHDFKLQJ D SODWHDX ,Q WKH TXHVW IRU JHQHWLF VXVFHSWLELOLW\
IDFWRUV DQG WKH VHDUFK IRU ĴWKH PLVVLQJ KHULWDELOLW\µ
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VXSSOHPHQWDU\ DQG FRPSOHPHQWDU\ HIIRUWV KDYH EHHQ
XQGHUWDNHQ 7KHVH LQFOXGH WKH LQFOXVLRQ RI VHYHUDO JHQHWLF
LQKHULWDQFH DVVXPSWLRQV LQ PRGHO GHYHORSPHQW WKH
FRQVLGHUDWLRQ RI GLIIHUHQW VRXUFHV RI LQIRUPDWLRQ DQG WKH
DFNQRZOHGJHPHQW RI GLVHDVH XQGHUO\LQJ SDWKZD\V RI
QHWZRUNV 7KH VHDUFK IRU HSLVWDVLV RU JHQHJHQH LQWHUDFWLRQ
HIIHFWVRQWUDLWVRILQWHUHVWLVPDUNHGE\DQH[SRQHQWLDOJURZWK
QRWRQO\ LQ WHUPVRIPHWKRGRORJLFDOGHYHORSPHQWEXWDOVR LQ
WHUPV RI SUDFWLFDO DSSOLFDWLRQV WUDQVODWLRQ RI VWDWLVWLFDO
HSLVWDVLV WR ELRORJLFDO UHOHYDQFH DQG LQWHJUDWLRQ RI RPLFV
LQIRUPDWLRQ VRXUFHV 7KH FXUUHQW SRSXODULW\ RI WKH ILHOG DV
ZHOO DV LWV DWWUDFWLRQ WR LQWHUGLVFLSOLQDU\ WHDPV HDFKPDNLQJ
YDOXDEOH FRQWULEXWLRQV ZLWK VRPHWLPHV UDWKHU XQLTXH
YLHZSRLQWVUHQGHUVLWLPSRVVLEOHWRJLYHDQH[KDXVWLYHUHYLHZ
RI WRGDWH DYDLODEOH DSSURDFKHV IRU HSLVWDVLV VFUHHQLQJ 7KH
SXUSRVHRIWKLVZRUNLVWRJLYHDSHUVSHFWLYHYLHZRQFXUUHQWO\
DFWLYH DQDO\VLV VWUDWHJLHV DQG FRQFHUQV LQ WKH FRQWH[W RI
HSLVWDVLVGHWHFWLRQDQGWRSURYLGHDQH\HWRWKHIXWXUHRIJHQH
JHQH LQWHUDFWLRQ DQDO\VLV  $OWKRXJK WKHUH LV QR VLQJOH EHVW
DQDO\VLV VWUDWHJ\ LQ WKH VHDUFK IRU HSLVWDVLV HIIHFWV WKHUH LV D
FOHDU WUHQG WRZDUGV WKH GHYHORSPHQW RI GDWD UHGXFWLRQ
WHFKQLTXHV DQG PHUJLQJ HYLGHQFH IURP ĴHQVHPEOHVµ RI
WHFKQLTXHV 7KHUHIRUH VSHFLDO HPSKDVLV ZLOO EH JLYHQ WR D
UHODWLYHO\ QHZ \HW SURPLVLQJ GLPHQVLRQDOLW\ UHGXFWLRQ
WHFKQLTXH 0%0'5 ZKLFK LV VKRUW IRU 0RGHO%DVHG
0XOWLIDFWRU'LPHQVLRQDOLW\5HGXFWLRQ&DOOHHWDO7KH
DSSURDFK WDNHQ LQ 0%0'5 EXLOGV XSRQ WKH ZLGHO\ XVHG
0XOWLIDFWRU'LPHQVLRQDOLW\5HGXFWLRQ WHFKQLTXHRI5LWFKLHHW
DO  IRU HSLVWDVLV GHWHFWLRQ 7KH ODWWHU UHIHUUHG WR DV
0'5 VXIIHUV IURP VRPH PDMRU GUDZEDFNV LQFOXGLQJ WKDW
LPSRUWDQW LQWHUDFWLRQV FRXOG EH PLVVHG GXH WR SRROLQJ WRR
PDQ\ PXOWLORFXV JHQRW\SH FHOOV WRJHWKHU 3URV DQG FRQV RI
0%0'5ZLOOEHGLVFXVVHGZKHWKHULQWKHFRQWH[WRIIDPLO\


















4XHUFHWLQ LV D QDWXUDO SRO\SKHQROLF FRPSRXQG ZKLFK LV DQ
LPSRUWDQW FRQVWLWXHQW RI YDULRXV SODQWV DQG KDV ZLGHVSUHDG





VSLQDO FRUG DQG FDXVHG E\ PXWDWLRQV RI WKH 601 JHQH
,QFUHDVLQJ 601 H[SUHVVLRQ LV DQ LPSRUWDQW DSSURDFK WR
DWWHQXDWH GLVHDVH VHYHULW\  7KHUHIRUH ZH LQYHVWLJDWHG WKH
HIIHFWVRITXHUFHWLQRQ601P51$DQGSURWHLQH[SUHVVLRQV
LQ WZR GLIIHUHQW 60$ W\SH , ILEUREODVW FHOO OLQHV *0
*0 4XHUFHWLQ ZDV DSSOLHG DW   DQG  X0
FRQFHQWUDWLRQV DQG LQFXEDWHG IRU  KRXUV :H GHWHFWHG 
*0 DQG  *0 IROG LQFUHDVH RQ 601
P51$ H[SUHVVLRQ DIWHU WUHDWPHQW ZLWK X0 TXHUFHWLQ E\
573&5,QRUGHUWRDQDO\]HWKHHIIHFWVRITXHUFHWLQRQSURWHLQ
OHYHOX0TXHUFHWLQZDVDSSOLHGWR*0FHOOOLQHDQG
LQFXEDWHG IRU   DQG  KRXUV  :HVWHUQ EORW UHVXOWV
VKRZHG WKDW WKHUHZDV QR FKDQJH LQ WKH SURWHLQ OHYHO DW DQ\
WLPH SRLQW $FFRUGLQJ WR RXU UHVXOWV TXHUFHWLQ VLJQLILFDQWO\
LQFUHDVHV601P51$EXWQRWSURWHLQ,WPD\LQGLFDWHWKDW
TXHUFHWLQ SOD\V D UROH  DW WKH OHYHO RI  WUDQVFULSWLRQ EXW QHZ
WUDQVFULSWVIDLOWRSURFHHGWUDQVODWLRQ)XUWKHUVWXGLHVDUHEHLQJ

























WKHQHDU IXWXUH&XUDWLYH WKHUDS\ IRUGLDEHWHVPHOOLWXVPDLQO\
LPSOLHVUHSODFHPHQWRIIXQFWLRQDOLQVXOLQSURGXFLQJSDQFUHDWLF
ÌðFHOOVZLWKSDQFUHDVRULVOHWFHOOWUDQVSODQWV%HFDXVHGRQRUV
DUH LQ VKRUW VXSSO\ RQO\ DPLQRULW\ RI SDWLHQWV EHQHILW IURP
WKLV SURFHGXUH 3DQFUHDWLF SURJHQLWRU FHOOV DUH D SURPLVLQJ
UHVRXUFH IRU UHJHQHUDWLRQRIQHZ LVOHWV7KHUHIRUH WKHDLPRI
RXUVWXG\ZDVWRLVRODWHDQGFKDUDFWHUL]HUDWSDQFUHDWLFVWURPDO
FHOOV DQG XVLQJ WKHP IRU LQ YLWUR UHSDLULQJ RI LQMXUHG
SDQFUHDWLFLVOHWV0DOHDGXOW:LVWDUVWUDLQUDWVJZHUH
UDQGRPO\ GLYLGHG LQWR WZR JURXSV DQG PDLQWDLQHG RQ D IUHH
DFFHVVWRIRRGDQGZDWHUWKURXJKRXWWKHH[SHULPHQW'LDEHWHV
ZDVLQGXFHGLQJURXS,,UDWVE\LQMHFWLQJDOOR[DQDIWHUNHHSLQJ
WKH DQLPDOV LQ IDVWLQJ FRQGLWLRQV IRU  KRXUV 'LDEHWLF
FRQGLWLRQZDVFRQILUPHGKRXUVDIWHUDOOR[DQLQMHFWLRQ1RW
DOOWKHUDWVZHUHGLDEHWLFDWWKLVWLPHEXWWKH\ZHUHDOOIRXQGWR
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EH GLDEHWLF DIWHU  KRXUV ,Q JURXS , UDWV SDQFUHDVHV ZHUH
H[SRVHGZLWK3%6 DQG WKHQZHUHGLJHVWHGE\FROODJHQDVH3
7KH FHOOV ZHUH VXEFXOWXUHG DIWHU  GD\V DQG 573&5 ZDV
SHUIRUPHG IRU WKH IROORZLQJ JHQHV 1DQRJ 9LPHQWLQ
1XFOHRVWHPLQ &\FOLQ' 2FW DQG 6R[ 2XU GDWD UHYHDOHG
WKDW WKH LVRODWHG FHOOV IURP JURXS , UDWV H[SUHVVHG9LPHQWLQ
1XFOHRVWHPLQDQG&\FOLQ'PDUNHUVZKLFKDUHUHODWHGWRWKH
PHVHQFK\PDO FHOOV +RZHYHU WKH\ GLGQ
W H[SUHVV PDUNHUV
DVVRFLDWHGZLWK HPEU\RQLF VWHPFHOOV (6&V LQFOXGLQJ2FW
DQG6R[$IWHUFKDUDFWHUL]LQJWKHLVRODWHGVWURPDOFHOOVWKH\
ZHUH ODEHOHGZLWK'L,G\HDQGFRQVLGHUHGIRU WUDQVSODQWDWLRQ



















*HQRPH DQG H[RPH VHTXHQFLQJ KDV EHFRPH DIIRUGDEOH DQG
ZLWKLQ FOLQLFDO UHVHDUFK SURMHFWV LW LV QRZ UHDVRQDEOH WR
SHUIRUPZKROH JHQRPH RU H[RPH VHTXHQFLQJ IRUPRGHUDWHO\
VL]HGFRKRUWVRILQGLYLGXDOV6HTXHQFHUHDGVIURPDYDULHW\RI
VHTXHQFLQJ WHFKQRORJLHV DUH PDSSHG WR D UHIHUHQFH JHQRPH
DQG WKH DQDO\VLV RI WKH V\VWHPDWLF GLIIHUHQFHV UHODWLYH WR WKH
UHIHUHQFHDQGWKRVHVKDUHGE\GLIIHUHQWSURMHFWVXEMHFWVPD\EH
XVHGWRLGHQWLI\UDUHQRYHOJHQHYDULDQWVJHQHVDVVRFLDWHGZLWK
GLVHDVH RU WR FKDUDFWHUL]H ILQHU SDWWHUQV RI JHQRPLF FRQWH[W
([RPH VHTXHQFLQJ KDV EHHQ DSSOLHG IRU RQFRORJ\ UDUH
0HQGHOLDQ GLVHDVH UHVHDUFK DQGZLWKLQ SRSXODWLRQ JHQRPLFV
7KH DVVLJQPHQWRIPHDQLQJ DQG WKH LGHQWLILFDWLRQRI SDWWHUQV
ZLWKLQ WKH GDWD DUH FRPSOLFDWHG E\ WKH ODUJH YROXPHV RI
FRPSOH[GDWD7RVLPSOLI\WKHSURFHVVRILGHQWLI\LQJGLIIHUHQW
FODVVHV RI YDULDWLRQ ZH KDYH LPSOHPHQWHG D ZHEDFFHVVLEOH
GDWDEDVHV\VWHPIRUWKHPLQLQJRIVHTXHQFHYDULDWLRQ6WDUWLQJ
ZLWK SULPDU\ VHTXHQFH UHDG GDWD IURP SXEOLFO\ DYDLODEOH
H[RPHVZHPDSSHG WKH UHDGV WR D UHIHUHQFHKXPDQJHQRPH
6FRULQJ DOJRULWKPV KDYH EHHQ DSSOLHG WR WKH VHTXHQFH
YDULDWLRQV FKDUDFWHUL]HG ZLWKLQ LQGLYLGXDO H[RPHV0XWDWLRQV
FDQWKXVEHILOWHUHGRQWKHEDVLVRIFRQILGHQFHVFRUHV7KHWRWDO
YDULDWLRQ KDV EHHQ ORDGHG LQWR D UHODWLRQDO GDWDEDVH  6LPSOH
XVHULQWHUIDFHVSURYLGHIXQFWLRQDOLW\WRLGHQWLI\WKHSDWWHUQVRI
YDULDWLRQ QDPHO\ WKRVH WKDW DUH FRPPRQ WR JURXSV RI
LQGLYLGXDOV WKRVH WKDWFRQWUDVWJURXSVRI LQGLYLGXDOVDQGFDQ
EH XVHG IXUWKHU WR LGHQWLI\ WKH SRO\PRUSKLVPV WKDW DSSHDU
XQLTXHZLWKLQLQGLYLGXDOV*HQHVFRQWDLQLQJYDULDWLRQVJHQHV
HQULFKHG IRU PXOWLSOH YDULDWLRQV DQG JHQHV EHORQJLQJ WR















RI FRQWHPSRUDU\ JHQHWLFV UHVHDUFK2XU DELOLW\ WR VHTXHQFH D
JHQRPH DQG WR LQYHVWLJDWH FRPSOH[ SDWWHUQV RI VLQJOH
QXFOHRWLGH YDULDWLRQV ODUJHU LQVHUWLRQ  GHOHWLRQ HYHQWV DQG
FRPSOH[VHJPHQWDOUHDUUDQJHPHQWVLVRIJUHDWUHOHYDQFHLQWKH
XQGHUVWDQGLQJ RI ERWK FRPSOH[ GLVHDVHV DQG LQPRUH JHQHUDO
KXPDQ HYROXWLRQ $ QXPEHU RI SURSULHWDU\ DQG RSHQVRXUFH
VRIWZDUH VROXWLRQV DUH DYDLODEOH IRU WKHPDSSLQJRI VHTXHQFH
UHDGV IURP GLIIHUHQW VHTXHQFLQJ WHFKQRORJLHV WR D UHIHUHQFH
JHQRPH7KHVHVRIWZDUHVROXWLRQVFDQEHXVHGWRFKDUDFWHUL]H
WKH DSSDUHQW YDULDWLRQ UHODWLYH WR WKH UHIHUHQFH $Q REMHFWLYH
FRPSDULVRQRIWKHVHVRIWZDUHWRROVLVFRPSOLFDWHGE\DODFNRI
LQIRUPDWLRQ DV WR ZKLFK RI WKH LGHQWLILHG GLIIHUHQFHV UHDOO\
H[LVWDQGZKLFKDUHVWDWLVWLFDODQRPDOLHV:HSUHVHQW0*5&µV
JHQRPH VLPXODWLRQ VRIWZDUH WKDW KDV EHHQ GHYHORSHG WR
SURGXFH ,OOXPLQD  62/L' EDVHVSDFH DQG &RPSOHWH
*HQRPLFV'1$VHTXHQFHUHDGV7KHVRIWZDUHVLPXODWHVUHDGV




WKDW LV FORVH WR UHDOOLIH GDWD  6LPXODWHG GDWD LV XVHG WR
FRPSDUH DQG FRQWUDVW GLIIHUHQW JHQRPH PDSSLQJ VRIWZDUH
SLSHOLQHV'LIIHUHQWPDSSLQJ VRIWZDUH VKRZVYDU\LQJGHJUHHV
RI UXQWLPH VHQVLWLYLW\ DQG VHOHFWLYLW\ $ PRUH REMHFWLYH
FRPSDULVRQRI VHTXHQFLQJ WHFKQRORJ\PDSSLQJ VRIWZDUH DQG
JHQRPH FRQWH[W PD\ EH XVHG WR UHILQH DQ LGHDO VWUDWHJ\ IRU
JHQRPLFV EDVHG UHVHDUFK2XU SRVWHU SURYLGHV D OLQN WKURXJK
ZKLFKWKHVRIWZDUHPD\EHGRZQORDGHG

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338 HUGO J (2011) 5:1–346
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346 HUGO J (2011) 5:1–346
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